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PERTINENT DATA

Drainage area, square miles

Net (excluding Lower Naukeag ) 155
Gross (including Lower Naukeag) 175
Elevations
Top of dam 86l
Spillway crest 852
Pool at maximum flood 859
Low water in stream at dam site 810
Streambed at dam site 808
Top of temporary cofferdam, upstream 820
Top of upstream cofferdam 832
Tep of dovnstream cofferdam 823

Hydraulic data

Reservoir capacity

:Area of:Capacity:Corresponding storage

Elevation lake - in ¢in inches of run-off
in : acre : from the gross
acres : feet drainage area
Below El. 852, spillwey crest 3,200 : 49,900 ; 5.3
Total below El. 80L, top of dam : L,63%0 : 99,000 : 10.5
Totel below El. 859 (surcharge for: 1,000 : 76,000 ; 8.1

spillway design discharge)

.
.

Years of hydrographs
Maximum flow, March, 1938 peak

Maximum flow, 2!, hour mean

1916 to 1937, inclusive
16,000 c.f.s.

11,650 c.f.s.

Estimated peak inflow, spillway design flood 51,600 c.f.s.

Estimated peak outflow, spillway design flood 56,600 c.f.s,

- hem



Estimated volume, spillway design flood 20.66 inches

Estimated volume, outlet design flood 9.15 inches
Estimated peak inflow, outlet design flood 17,60C c.f.s.
Diversion during construction (Pool at El. 830.0) 3,500 c.f.s.,

Approximate tailwater elevation at maximum flood (Pool at
El. 859) 8L1.3 ft.

Approximate tailwater elevation outlet discharge 10,500
(Pool at El, 852) 828.0 ft.

Outlet capacity

Pool at E1. 852 10,500 c.f.s.

Spillway capacity

Pool at El. 864 (Top of dam) 120,000 c.f.s.
Pool at El. 859 (Maximum flood elevation) 56,600 c.f.s.
Embeankment
Maximum height above streambed 56 ft.
Total length on top 1,400 ft.
Top width of dam 25 ft.
‘ Total £ill in embankment, including blanket 257,000 cu.yd.
Total impervious core blanket and cut-off trench 65,000 " *
Total random fill 7Lh,000 " #
Total pervious f£ill 78,000 0
Total rock £ill and dumpei riprap fa,000 oo
Total gravel bedding 3,000 0

Outlet works

Shape outlet channsl open cut, trapezoidal

Total common excavation, outlet works 128,000 cu.yd.

Total rock excavation, outlet works 5h,000 " "
- i -
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Length of inteke channel 1,500 = ft.

Length of outlet channel 1,150 * ft.
Bottom width of intake channel in earth 70 t.
Bottom width of intake channel in rock Lo ft.
Sill elevation gate structure 815
Size of gates 6 x 12
Number of gates | L
Spillway

Length of spillway crest, concrete 1,100+ ft.
Total common excavation, spillvmy 35,000 cu.yd.
Total rock excavation, spillway J.,000 ™ M

Operating house

Size 23'-9" x Lj9'-9" x (height) 28"
Structural steel frame, brick walls
Individual electric powered cable hoiats
Overhead crane capacity 15 tons

25 K. gasoline-electric standby unit

Concrete quantities

Total 21,300 cu.yd.
Operating house substructure 1,400 * M
Spillway weirs 1,00 ™ M
Retaining walls end chennel lining 1,030 " "
Access road bridge and abutments 170 v
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I, INTRODUCTION

A. AUTHORIZATION AND PAST RUPORTS, - The Birch Hill Dam is author-

ized by the Flood Control Act approved June 22, 1935 (Public No, 738, 7lhth
Congress), as amended by Public No. 111, 75th Congress, approved May 25,
1937 and further amended by Public No. 761, 75th Congress approved June
28, 1938. The original project report was submitted December 8, 1936.
This dam is also one of twenty dams included in the comprehensive system
of flood control reservoirs recommended by the District Engineer in "Re-
port on Survey anc Comprehensive Plan for Flood Control in the Connecti-
cut River Valley" dated March 20, 1937, approved by the Chief of Engineers,
November 29, 1937 and published as House Document No. ;55, 75th Congress,
2d Session and approved by Congress in the Flood Control Act of June 28,
1938.

B. EFFECT OF BIRCH HILL RESERVOIR IN REDUCING FLOODS, - The Birch

Hill Reservoir has & flood control capacity of 50,000 acre-feet, which is
equivalent to 5.3 inches of run-off fronm its gross drainage area of 175
square miles., The proposed Lower MNaukeag Reservoir would control 20 square
miles of this area, thus leaving a net drainage area of 155 square miles
to be controlled by the Birch Hill Reservoir. The capacity of the latter
corresponds to 6 inches of run-off of this net area of 155 square miles.
The Birch Hill Reservoir will provide a considerable degree of flood pro-
tection for Athol, Massachusetts and the several conmunities on the Mil-
lers River below. It will also have considerable value for the reduction
of floods on the Connecticut River below the mouth of the Millers River,

As a part of the comprehensive plan of reservoirs for the Conmnecticut
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River flood control, it will reduce 7lood discharges o the average at

various Connecticut River points as follows:

Locelity Drainsge Area % Recduction of

- - {square miles) Pealr discherge
Montague City 7,840 2.8
Holyolke 3,28}, 2.8
Springfield 9,537 2.2
Thompsonville 9,637 2.2
Hartford 10,543 2.0

This reservoir, considered separately, would have an important flood-re-
ducing effect during meny Connecticut River floods. Under certain cir-
cumstances vhen the run-off fron the Iillers River should not happen to
combine in substantial synchronism with the nighest flood discharge on

the Connecticut River, the flood-reducing efrect of this reservoir in

the main valley woulcd be ninimized. The reservoir outlet and gates are
designed with sufficient discharge capocity to permit flexibility of oper-
ation for best flood storage in reducing any type of flood that may occur.

C. CONSERVATION STOPAGE, - No provisions have been made for con-

servation storege.

D. GENTRAL BRIEF DESCRIFTION OF TH: DA, - The danm will be an earth

——— -

structure having & maximun height of 50 fect from the river bed to the top
of the dam and a total length of approxinstely 1400 feet. The embankment
will be placed by the rolled-fill method, Both the upstreaii and the down-
strean slope will be riprepped vith dumped rock.

The rescrvoir outlet vill consist of a gate~-controlled open-cut

channel excavated in ledge rocl with concrete troining walls in the right

ro
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abutment and discharging into the river well belowr the toe of the dam.
The gates will be houscd in a concrete gate structure located adjacent

to the center line of the dam. Access to the Birch Hill Dam will be
provided from South Royalston on an access road constructed on the aban-
doned railroad foundation and the top of the dam. The main spillway will
be constructsd on rock in o naturel saddle on the right bank about 1000
fect dovmstream from the center line of the dam., A small auxiliery con-
crete spillwey weir will be located in o saddle adjacent to the main spill-
way. The spillway flow will be carried in o« neturasl depressicn ond will
dischorge into the HMillers River below the toe of the dawn. For a general

plan of thc dam und cppurtenant structurcs, sec Plote No. 1.
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IT. SELECTION OF SITz.

Ao GENER.L LOCATION, = The Birech Hill Dam site is located on the

Millers River, Massachusetts, a tributary ox the Connecticut River which
has a total drainage area of 390 square miles, The gross area that will
be controlled by the reservoir, including the area tributary to the
Lower Naukeag reservoir is 175 square miles., The site selected is 1.3
miles northeast of South Royalston, ‘orcester County, Massachusetts,
about 27.% miles above the cafluence of the }illers and Connecticut

Rivers,

B. SITES CONSIDERED., - A comprchensive plan of a series of smaller

reservoirs was investigated to avoid fairly large local damage at Bald-
winsville, Massachusetts. This plan includcd Eydeville and Priest Pond
reservoirs which were submitted es alternate sites in the Comprehensive
Plan, House Document li55, and a reservoir on the Otter River, a tribu-
tary to the Millers River near Raldwinsville., Several potential sites
on this river were investigated. This combined system wes found to be
less effective than the Birch Hill Resefvoir. From the cansideration of
reservoir capacity, geologic conditions and construction costs, the
selected site is considered the most feusiblc site on the Millers River
above Athol, Massachusetts.

C. SELECTION OF SITE. = The selection of a dam site on the MNillers

River was mace vith flood protecticn of the City of Athol as a primery
consideration. Upon elimination of the system of three smaller reservoirs

above South Royalston, three potential sites for the Birch Hill Dam were

investigated, L thorough investigation of the river valley above and

- L -
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below South Royalston, including m=p studies field reconnaissance, res-
ervoir and site surveys, geologiczl investigations ond compzrative
studies of railroad relocation costs, led to the sclection of the site.
The dam site as included in House Document 455 2nd =z site within South
Royalston compare favorably in construction costs with the one selected;
however, the cost of rzilro=zd relocstion for those sites would be far
in excess of that required for the seclected site. The selected site

ie satisfactory from the viewpoint of sconomy, safety, =2nd utility, and
was found adaptable to 2 design of a safe dam and appurtenant structures,
the cost of which have 2 favorable rotio to the benefits derived. Sce
Plate No. 3%.

D. SELECTION OF TYPE OF DAM. - A study of the giologic conditions

and the location of bed rock resulted in the adoption of =zn earth-fill
dem as being the most practicable type for the site. Although rock is
close to the surface on both banks, a decp deposit of overburden occurs
in the river valley znd the cost of a concrete structure would be pro-
hibitive. A rock-fill d=m would hive been physicnlly fezsible, but the
cost was found to bs excessive., The muterizls avsilable for earth f£ill
at or nez=r the dam site is better suited for hydroulic fill than for
rolied fill construction; however, owing to the low height of the dam,
extensive use of structure cxecavation a:nd sm=:ll quantities required, the
cost of hydraulic fill would be excessive. The precence of the railrond
in the river vszlley at the left bank and the river near the right bank
provides a work zarez on which suitable structure exccv-tion can be de-
posited without rehandling, Hydraulic construction would require di-

version of the river through the outlet channel end removel of the rail-
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road line before embunkment operatiens were begun. All of the rock and
suitable structure excavation, supplemented by borrow excavation, will

be used for the ambsnkment,.
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III. GEOLOGICAL INVESTIGATIONE

A. NATURE OF VAIIEY, - The raservoir will be formed in the mnin

velley of the ulillers River «nd its tribut-ry vallcys of the Otter River
=nd Pricet Brook. The stretch of the Millerr River volley westerly of
South Roynlston, loc<=ted about 1 mile downstrasszm of the site, is sharply
defincd. Ths valley through here is comp:.rstively narrow and stcepe
sided, The stream obviously is flewing in its z2ncient preglociul valley
although consider«bly 2bove its buricd rock floor.

E. sterly of South Royulston the valley is less sharply defined,
About 2 miles upstream of the sgite ths velley bottom becomecs much wider
extending northzerly in two divergent villeys, now occupisd by the Millers
River and Priest Brook, ond southerly -.nd southensterly in the velley
occhpied by Otter River. Thick gl=acizl outwash deposits of sand and
grovel occur throughout thoee tribut:ry v:llsye and deceply bury the bed-
rock. In the higher elsvutions the underlving rock found:tions are ob-
scured by glueinl till deposits. Here the glrcinl overburden is rela-
tively thin nand bedrock is exposed ot many points,

B. METHOD AND EXIENT OF EXPLORATIONS. - Subsurface explorations

were accomplished by numerous core bor;ngs, muger borings, end test

pits. These investigations weremade (1) to locite 2nd szmple rock be-
neath both zbutments, with special reference to locotion of the discharge
channel, (2) to loc+te and sample rock ot both spillwsy locations and
stream control works, (3) to determine the chsaracter, thickness, and
quality of overburden in both sbutments, (4) to determine the extent of

cohesionless fine sand dcposits bensath the valley flood plain and te
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obtain undisturbed samples thersof, (5) to investig:te the thickness
and extent of orgonic deposites in thco valley flood plein, =and (6) to
investigote potential borrow arc=zs. Tuc locstion of these explora-
tions is shown on Plztes Nos. 4 and 7, and thc records of each on
Plates Nos. 5§, 6 =nd 7.

1, Core Borings, - All overburden drilling w=s done by

drive sample borings. Frequent soil somples of 1-1/2-inch dizmeter
wore obttined in solid and split scmpling spoons. In ~ddition, two

bore holes loczted in the middle of the valley were pluced, samples
being obtsinsd within 2-inch brass liner tubes. Two b-inch dismeter
holes were also completed to provide a maximum cu-ntity of cohesionless
fine sznd for triaxial shear tests. rzcoutions were tzken =t all times
to assure thot samples were undisturbsd by wash watezr. Rock samplss
were obtained ns rock corcs from many of the borings. Penetration of
bedrock by core drilling ranged from 10.0 fsct to 46.0 feet, the average
penctration being 20.1 feet. All drilling wos done by Government-owned
equipment =nd hired lobor.

Purticular attention was paid throughout the investigations to
sempling methods 2nd procedure. Numerous soil cores were obtained where
the overburden hu=d sufficient =apparent cohesion to hold the soil grains
together. Where such a condition wcs oncountered the somple was ob-
tained in ¢s undisturbed condition as possiblc =2nd immediztely coated
with paraffin. Additional relstively undisturbed samples were obtained
in brass liners.

Sampling of coheésionless fine sond in the foundstion is being

continued. For these additional samples, a new type of spoon and method

)
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will be used. The chicf difficulty in obtaining undisturbed samples

in materinls of this type below the water table is thot, upon retrocting
the sampling spoon from the depth sampled, the sample ie often dislodged
from the spoon snd much or =11 of it is lost. In this new method it is
plonned to form 2 grouted plug st the bottom of the szmple by introducing
chemicols (sodium silie~te and calecium chloride) which underground will
react sufficiently to form 2 binder =nd hold the szmple in = natursl un-
disturbed condition. Sampling investigotions by this method sre now
being m-de, but it is not possiblc at this time to give =ny information
as to the results obtrsined.

2. Augsr borings. - Auver borings were uscd throughout the

valley bottom to outline the c¢xtent ond thickneese of orgunic deposits
known to occur in portions of th: flood pl-in.

L Test pits. - Numerous sh-llow test pite, r.nging in depth
from cbout 2.9 fcet to about 12,0 fect, were cxenveted in the overburden
of both abutments, ¢nd in borrow =zrezs. Undisturbed box samples for
permeability tests werc obtained from those pite in the ~butments. In
addition known volume samples were obtained for nitural density determina-
tions, s well as b-g sumples for l-boratory compiction tests.,

4. Shovel cuts. - Two large open cute will be excavated by
power shovels, one locztad =t the site of tho gote house structure, the
other in the inlet ch=nnzl. Thiec cuts will be made to providc a better
mecns for inspecting the overburden °nd underlying rock, -nd provide
prospective biddsrs with cdeguztely lurge exczvations for better apprai-
sal of excuvantion difficultics,

5. Other investigations. - Reconnnissance explorations by the




ceismic method were made at the dam and several alternative spillway
sites. A strip about 400 feet wide and about 3 miles long located on
the south side of the river, was similarly investigated for the required
railroad relocation. No other important geological investigations were
made. Information obtained from all the explorations satisfdctorily
discloses the geological conditions at the site., Judging from recon-
naissance of the reservoir area and general studies of the surrounding
region, there arsc no geologic problems cf conssquence involved in the
reservoir area above the dam site.

C. SITE. - Bedrock is not expored in c¢ither abutment, but is ob-
scured by an overburdcn composed of glacial sediments. In the extreme
right abutment, bedrocﬁ is located & a depth of about 20 feet, beneath
an impervious overburden comprised largely of Class 7 material, which in
turn lies benecath an overlay madc up of Classes 4, 9 and 6 approxim:tely
5 fest thick. The rock surface dipe steeply towardes the south, and at
the river is located at a depth of about 100 feet benecath the strsam.
Bedrock in thz left abutment is locatzd at an avorage depth of about
20 feet,

The Class 7 mptcrials mentioncd above comprisss a compact glacial
till formation which is extensively d:ovclopod throughout both sbutment
areas. They form a relatively impsrvious formation, to which the im-
pervious section of the dam will be bond<d. Largc boulders are scattered
on the surface, a2nd in the overburden. Thosc on or near the surface are
of granitic chzracter znd essenti=zlly unwcathered comparcd to thosec
buried at greater depth in the overbturden. Several of the bors holes

~disclose a very compact glaciel till immcdistely <bove bedrock. This

- 10 -



till often contzins & large percontage of decnyed rock, in somc cases
derived from dicintegratcd bouldcrs znd cobbles. In other cuscs mute-
rizl of simil=sr zppeurcnce «nd comp.ctnuss is judgzd to be docayed and
disintegrated bedrock. Where such conditions wers found, it was not
possible to loczte the cxuet linc of dem-reation between overburden znd
deezyed becérock. wWhichever interprototion is corract, action of the
sumpling spoon =nd drill indic-tce the miteri:ls upon excovation will
bcheve similar to 2 compict overburden.

Foundztion materizls bencath the flat valley bottom occur in
thres mejor strat:. The upper stratum, ~pproxim: tsly 6 to 12 fcet thick
is mcde up of irrcgul~r deposits of e¢und -nd grevel (Clusses 2, 3, 4, 9,
7). An crgnnic deposit roneging in thicknses from <bout 1 foot to ~bout
4 feet occurs 2t the surf-ce on the south side of thz villcy ne<or the
railro=d embunkicnt. A 1-yer of loosc coheciornloss fine =nd medium s-.nd
(Classes 4 =nd 6), approximitsly 60 feet thick in the middle of the valley,
oceurs beneath the uppermost striitum, Benwoth thie intermediste layer
occur well compacted variible deposits, Closscs 7 ¢nd 9. Investigations
have not revecled the occurrence in sny grot -mount of either cloy or
gleeinl silt.,

Bedrock is composcd of two typse (1) mediuam to coarse folinted
gray gronite and {2) biotite mics schist. Thoec two types occur in both
o simpls und complex relition. In its eimplest relation the gronite oc-
curs in lerge intrusive maseges ond the echist in inclined beds or beonds,
In their most complex relwtion the rocks very from true schists, dsrived
by metemorphism of sedimentery strots, to entissoid graonitee, clecrly of

igneous corigin. Tr:oces of m.tericl,more or less clezrly defined, a«nd re-
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sembling the original schicts are nesrly always associated with the
granitic masses. Between the two extremes of granite and schist there
are gradations, designated as gneiss, which appear to te mixtures of
these two types. The granite is broken and fractured near the surface,
and in csome areas is slightly weathered. The schist is deeply weathered
and disintegrated. The extent of this condition is dependent upon the
amount of injected igneous muterial present in the schist,

D. NATURE OF EXCAVATIONS. ~ Excavation of the stream control chan-

nel will be = mejor construction operation. The inlet channel, near the
river, will ®e excovited in s'nd and gravel (Clzsees 5 and 7), and the
outlet ch:nrel in medium 2nd fine s:nd (Cl~sses 4 >nd 6). In the higher
pertions of the hill forming the sbutment on the zaost, excaveations will
be made in & compact bouldery gl-cial till m=de up largely of Classes 7
=nd 9, On the west slope of the hill the overburden is made up of fine
and medium snd of the type found in the outlet channel,

For o dist-nce of a2pproximetcly 1,000 fest =zt bottom grade,
the ¢xcavotivn will be in rock. The rock cut will hove a maximum depth
of about 40 feet -t stotion 16*00. From the upstresn end to = point im-
medictely downstre-m of the gote structure, much of the rock is wcathered
cnd fractured, but that in the downstresm portion of the cut is rela-
tively more sound. About 152 linear fect of the chunnel will bte provided
with cencrete lining. The ultimtc extent of lining will be decided in
the field.

The comparstively chollow cxc.vations required for the found-

ations of the concrits spillwry structurs will be made in sznd and grovel

(Classes 5 eand 7). Excuvations of the key trench, for bonding impervioue



core section, to abutment and foundation, will also be made in sand and
gravel including Classes 2, 4, 6, §, and 7.

E. DIECHARGE CHANNEL AND SPILL:AY. - The principal features per-

taining to the overburden and rock =t these structurcs is covered in the
preceding paragraphs in Sections III C and D.

N SUBSURFACE LEAKAGE. - Ground water observztions indicote =

water table closely parallel to the ground surface. This highwater
table, together with the glacial character of materizls known to occur,
indicates both abutments to be rel=atively impervious. By properly bond-
ing the core section to the impervious =butments, very little lezk-ge
through thece sections ies znticipated. kost of the le:kzge through the
foundation will be concentrzted in the compsrotively thin strata lying
between the bottom of the cut-off trench =nd the top of the thick stratum
of fine =nd medium s-nd. The secpoge path of this lenk ge bens=th the
dam will be lengthsned by construction of =n upstre=m bl:nket formsd of

spoiled overburden,
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IV, FLOOD CONTROL HYDRAULICS

A, LYDROLOGY.

1. Reinfell records. - In the wotcershed above the Bireh Hill

=

site ond in the surrounding arez, there cre 39 rainfzll stotions, with
periods of record ranging from 8 to 75 years. Their locations arc shovm
on Plate Nos 9 2nd their periods of rccord on Plote No. 10. Pertinent

Vi

genercl precipitotion dete are:

Mean annual rainfall - Li3.61 inches {including snow).
Maximum ennual reinfall - 57.82 inches {including snowr).
Minimum ennual rainfall - 22,00 inches (including snow).
Mean annual snovfall - 58,28 inches.

Approximate vmter equiva-
lent of mean annual snow=-
fall - 6.0 inches.

Mean fonthly Rainfall

Jenuary 3.53 in. £opril 3,55 in. July LL.02 in, October 3.28 in.
February 3.1% in. lay 3.72 in.  August L.03 in. November 3.7l in.
March 3.65 in. June  3.37 in. September .15 in. Decenmber 3.37 in.

Meximum storm of record in this general region:
Dete - September 17-21, 1233,
Duration - 28 hours.
faximum average depth of rainfall on 175 square miles -
15.7 inches.

a. lMoximun predicted storm. - The meximum predicted storm

on the Birch Hill Watershed wes selected as haviag a volune and distribu-

tion as recently determined by the U, S. Weather Bureau in collsboretion
with the Office of the Chief of Enginecrs, sand based upon @ recent study
of rainfcll in ¥ew England. The greatest storm of record in the Connec-

ticut River Watershed occurrcd in September 19%3. This storm had a dura-
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t&ﬁﬁ of 98 hours and a maximun avercge depth of 15.7 inches of rainfall
on an area of 179 square miles. The area-depth grarhs and the locations

of the centers of this storm and the seven other greatest swmer and fall
storms of record in the northeastern United States are showvn on Plate No.
11. Similar graphs for the five greatest winter and spring storms of
record are shown on Plate No., 12, All storms studied were listed as

1-1/2 to 5-dey storms. The selected maximum predicted storm for the

Birch Hill drainage arca of 17% square miles, as shorm on Plate No. 1%,

has a storm depth of 16.5 inches and a duration of 2l hours. The maximum
storm depth for swmer and fall floods of record in the northeastern United
States, as shown on Plate No. 11, is 15.7 inches, and for winter and spring

storms, as shovn on Plate lio, 12, is 6.0 inches.
> 2

b, Time - intensity distribution,., - The distribution of

the maximun predicted storm in a period of 2l hours was determined from
the same study by the U, S. Weather Bureau, shown on Plate No. 1%3. For
a drainage arca of 175 square miles the cwrve of intensity versus dura-
tion has been dravm as shown on Plate No. 1lli. For means of comparison
the curves of meximum rainfall intensitics as determined by David L.
Yarnell in the U, S. Department of Agriculture }Miscellaneous Publication
No. 20l for a freguency of 100 years are shown on this plate. A curve
of maximum intensitics for & frequency of 100 yecrs for Boston, llassa-
chusetts, as given by Charles ¥. Shormen in his paper, "Frequency and
Intensity of Excessive Rainfall in Boston, Massachusctts," Transactions
of the Amcrican Society of Civil Engineers, Volume 95, 1931, is shown

also, This latter curve is bascd on 50 years of recording gage records
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and is included because it is thc result of 2 very thorough study of ex-=
ccllent records. Its value in the present study is to indicate the prob-
able variations of intensity with tire, The time-intensity curves have
been plotted on logurithmic paper in order to provide a better comparison
between the results of these three studies. Tt vill be rvotcd that the
adoptcd maximum curve hos the same gencral shape as those given by Yarncll
and Sherman but with much higher volues of rainfall, Three points for the
September 1938 storm, determined from actual non-recording gage records,
are also shown on Plate No. 1lj, For shorter periods of time, the Septem-
ber 1938 storm intensity falls well below eny of the curves shown., TFor
use in synthesizing the computed spillway flood, the storm intensity

was assumed to be nearly symmeirical about e verticel time axis as shown
on Plate No, 13. This distribution was found to be fairly true for storns
of record and produces the maximum flood ohtaimable with eny distribution.

2 Run-off records, - Run-off records of the }illers River

Vlatershed have been collected by the U, S. Geological Survey for the past
2l; years. The locutions of the gaging stetions are shown on Plate Mo, 9
end their periods of record on Plate No, 15. The hydrographsfor the Birch
Hill drainage orea as shovm on Plate 16 wes obtained by epplying a fector
to the records of the U. S. Geological Survey Station on the Millers Riv-
er near Winchendon, lassachusetts, (drainage area 83.9 squere miles) from
1916 to date. This fector is a variable depending on the discharge, and
is based on discharge records sccured by this office at the dem site and
& relaticn of peak discherges of the ‘arch 1936 and September 1938 floods
furnished by the U, £. Geological Survey for various points along the !il-

lers River,
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Pertinent run-off dute sre:

Mean annual run-off 22490 inches
Maximum annual run-off 32 .29 inches
Hinimun amual run-off 10.9l. inches

~ 0

Note: These figures do not include riv-.c”” since “ent. 30, 1937,

-

Ifean monthly run-off end percent of run-off

January 1.9% inches 5h. 7” July 1.08 inches 26,55
February 1.51 inches 48,27  August .8, inches 20.8%
March 2,90 inches  107.0%* Septemter .8% inches 20, Oﬂ
April 11.75 inches  13l,.0%* October .85 inches 25.%
May 2.;8 inches 7 8% YNovember 1,3l inches §o.Lo
June 1.57 inches 1,0.5% December 1.8 inches 5l..07%

* Includes run-off from melting snow,
Through field investigation end research, historical knowledge of several
of the most severe floocs on the Ilillers River vwithin the past 150 years
was obteined, They are knovm to have occurred in September 1933, March
1936, November 1927, February 1900, lerch 1895, April 1895, July 1387,
Decenber 1878, Cctober 1352, April 1852, ilay 185, *arch 18,6, Merch
1842, January 1841, February 182, and lfarch 1801, Prior to June 1916,
the exact order of magnitude is not known. Since then, the September 1933
flood is definitely known to have been the highest. From & study of peak
discharges of the September 19%8 flood et seversl locetions on the *iillers
River, and from a cauposite flood hydrograph at Birch Hill dam site built
up from component areas for which the flood hydrographs were available from
records or were reconstituted by use of unit graphs based on the Connecti-
cut River enpirical relations, the September 1933 peak discharge at the
Birch Fill dam site is estimated to heve been 15,000 cubic feet per second.

Qe Frequency of floods. - The probable frequencies of

n

peak discharge at the 3Birch Hill dam site are shown on Plcte Mo, 17 for

-3
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the folloving seasonal periods:

Jenuary and February HMay through October

¥arch and April Hovember and December
These curves serve only as an approximete index of what may be expected
in the future and are useful principally as 2 guide for planning flood
protection and stream diversion during construction end for determination
of the capacities of operating features of the dam.

b. HMaximum predicted floods. - The computed spillway flood

vas determined by sapplying the unit hydrograph (described hereinafter) de-
rived from the composite September 1938 flood, to the maximum predicted
storm, assuning & wniform infiltration rate of .0% inch per hour. On this
basis, the pcrcent of run-cff durirnc the most intense 3-hour rainfall peri-
od would be 98 vpercent, and during the eutire stori: period, 92.7 percent.
The resulting flcod hydrograph isc shorm on Ilate YNo. 13. Its wolume is
15.3 inches end its peek discharge ic 33,200 cubic feot per sceond, or

217 cubic fect per square mile, cver twice as large as the meximum flood
within historicsl knowledge, that of September 1238. An envelope curve

of sumer end fell flood peck discharges for New England is shown on Plate
No. 19. The maximum predicted flood ot the Birch Hill dam site excceds

the volue of 121 cudic fect per sccond per square nile for o dreinaege aren
of 175 squere miles, token from the envelope curve for the Connccticut
River tributaries east of the main stem snd south of the Ammonoosuc Riv-
er by 80 percent. An cnvelope curve of winter ond spring flcod peck
discharges for Mew England is shown on Plate NWo. 20. The moxinum pre-
dicted flood as hercin determincd would result from the worst possible

storm megnitude, intensity distribution, rete of infiltrstion ond woter-
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shed run-off conditions.,

c. Unit hydrographs. - Two general methods were used to

derive unit graphs for the purpose of determining the computed spillwey
floods,

(1) Derived from September 1938 flood. - One of these

is by derivation from the maximum flood of record, that of September 1933,
at the Birch FMill dem site. The rainfall excess for this storm fell in a
concentrated period of [j2 hours. The composite hydrograph used for this
derivation was built up by numerically adding hydrographs of component
areas based on the ewsilable hydrographs of record, and assumed hydro-
grephs derived by application of & straight draincge area factor to the
hydrogrephs of record. This carposite hydreograph has a pesk discharge

of 17,900 cubic feet per second as shown on Plate No., 21. It is know

to be more severe than the actunl flood of occurrence because no account
has been taken of the reduction in component hydrographs which would oc~
cur when routed through the main stem velley storage. This peak discharge
is also much higher than an envelope of other peak discharges for the Sep-
tember 1938 flood on the lfillers River. Also, for other locetions in the
Millers River liatershed, the September 1933 flood results in < more severe
unit graph then any other flood of rccord, Consequently, the derived graph,
shown on Plate Mo, 22, should be the most critical for use in computing
naximun predicted floocds.

(2) Derived from empiricel relations. - The other

method of obtaining e unit graph is by determination of critical dimen-
sions of the unit greph from cmpirical relations derived from topogrephic

features of the watershed. These empirical relations were defined by a
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thorough analysis of the unit hydrographs anc vetershed topography at 22
geging stations in the Connecticut Basin. G. T. McCarthy determined that
the shape of the unit hydrograph for any watershed is principally a func-
tion of its drainege area, stem pattern, and the slope of a graph of area
versus elevation equalled or exceeded ("The Unit Hydrograph and Flood
Routing," presented &t the conference of the North Atlantic Division,

U. S. Engincer Department, held ot New London, Connecticut, June 2L, 1938)
From the empirical relations, the unit hydrograph resulting from a twelve-
hour storm of constant intensity is fixed in shape by five velues; namely,

o

Peak rete of discharge

Rete of dischirge 12 hours after the peak

Time {rom beginning of ctormt Lo peek discharge

Total durstion of wnit hydrogreph

Total voluae of run-off under the unit hydrograph
These values and the wnit hydrogroph they define for the Pirch Hill Water-
shed are shovn on Plate fo. 2%3. The unit graph derived from the empirical
relations has a higher penl discharge than the one cderived from the 1938
floods The reason for this is that the illers Hiver end its tributaries
are very slow in run-off characteristics ad vielc smuller pesk flows than
other wztersheds in the Cornecticut Basin, This fact was first apparent
when the original studies for establishing the empiricel unit graph re-
lations were being mr.de; the i7illers River values fell far out of line
with other deta. Subsequent use of the empirical rclations for wvorious
wotersheds has chown then to be best edjusted to flashy wetersheds, and
to yield peek discherges which cre too high tnd concentration times which

are too brief for the very slow vetersheds, The difference between the

1
o
<

1



two unit hydrographs developed woulcd be even greater had the September
1928 unit hydrograph been derived from a recorded hydrograph at the

Birch Hill cdam site rather than from the mors severe composite hydrograph
used.

(3) Short period wit hydrographs. - In order to re~

flect accurately the maximum instantaneous rate of pesk discherge result-
ing from a s torm with repidly changing intensities of precipitation, wumit
hydrographs heving much smeller unit periods of rainfall than twelve hours
were used. As shcovm on Plate Mo, 22, the wnit graph derived from the Sep-
tember 1938 storm vas made for b=hour rainfall periods, and broken dovn
into 3-hour unit zrachs. In the case of the empirical relations, the orig-
inal derivation is for e 12-hour unit reain, and unit grephs for 6 and 3

hours are derived from it, as shovm on Plote Mo, 23,

.

(Li) Selectec unit graph, - The unit craph derived from

the composite September 1938 flood was adopted for uce, btecause the rain-
fall and run-off conditions of the September-19§8 flood were very similar
to those established for computation of the mzxinumn predicted flood; namely,
the rainfall ercess of 7.5 inches occurred in /2 hours (os against 2L hours
for the computed flood) and hadé a distribution compsrable to that selected
for the computed flood. The reinfall excess of the September 1938 storm
wos immedistely preceded by 1.% inches of reain in the rrevious 12 hours

anc 3.0 inches during the 2—1/? previous days, none of which rain oppears
in the esctual hydrograph. Thus, it is probable thet during the September
1933 flood the ground was saturated and infiltrotion occurred et o fairly
uniform rate, similor to thet assumed for the maximum predicted flood,

ds Tailwater roting curve., - The tailwater rating curve

for Birch Hill dam site is sliown on Plate Yo. 2. It was developed in its

|
n
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lower ronge by bcckwoter computations from the low dem above South
Royalston, Massachusetts, which is the control. 1In its higher renge, it
was determined by backwater computations from dovnstream control sections.

%+ llaximun predicted wave heights and freeboard, - There are

no records of maximun wave heights at existing reservoirs in this region.
Accordingly, maximum predicted weve heights were deternined by the Steven-
son-iolitor formula given in Engineer Bulletin, R. & H. ¥Nc. 9, 13%8 of

the Chief of Zngincers. The maximum fetch is 2.25 miles. The corre-
spondirg maximun weve height is 7.2 feet, for a wind velocity of 40 miies
per hour. The reservoir extends eest from the dam, while the preveiling
meximum winds are from the northwest and west, Therefore maximum wave
heights are less likely to occur at the d:m than et onc where the reser-
voir extends into the dircetion of provailing winds. Wave height plus
ride-up, computed ot 1.4 times the wave height, is .5 feet. Wind set-

up, computed from the formula

(]
v r

S= B0 T oS A

in vhich 8 = set-up in feet, V = wind velocity in miles per hour, 7 =
foteh in miles, D = depth in feet, and £ = cngle botween wind and fetch,
has & naximun velue of Wy foot. DBecausc of the small size of the Birch
Hill rescrvoir, and the nerrow zone of possiblc wind dircctions which
could produce apprecicble sct-up, this item is not considercd critical.
The top of the embanlment will have o froebourd of & fect cbove the max-
imum surcherge water surfrec, or 12 fect cobove the crost of the spillwey.

B. LEVELS AND CAPACITIES OF RESERVCIR.

l. For flood control. - The capacity of thc Birch Fill Reser-

voir for flood control was selected us 49,200 acre-fect below a snillwey
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crest elevation of 852 feet above mean sea level, as shown on Plate No,
25. It is equivalent to a run-off volume of 5,3 inches from the drainage
area of 177 square miles above the dam site, or 6.0 inches on the ultimate

net drainege area.

2. For conservation, - No conservation pool will be provided.

C. OUTLET HYDRAULICS,

1. OQutlet design. - The following fectors have been considered

in the design of the outlet, which shall be suitably controlled by gates:

8. The outlet design flood is an hypothetical flood with
& volume equal to the volume of run-off of 100-year frequency on a stream
of equal drainage area in Hew Dngland.

b. & retarding basin discharge has been computed such
that with all getes cpen, the pool elewatiown reachss, but does not exceed,
the spillvay crest.,

Ce This discharge has been increased by o flexibility
factor of 70 percent in order to provide Tlexibility of operation within
a system of reservoirs in the Connecticut liver Easin, to obtain the great-
est flood reductions at dovmstrean damage centers.

d. The outlets hove been designed to pass the retarding
basin discharge increased by the flexibility fector, and further increased
to provide for prmssing 85 percent of the design discharge with one gate
closed,

e+ Consideration hos been given to increasing this de-
sign discharge to allow:

(1) Passing of local freshets thet do not produce

demoge, without utilizing more than = minor portion of the flood control
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capacity of the reservoir,

3

(2) Emrtying the full reservoir within the

s
D
5
|,J-
@)
(o7

of & few days.
(3) Passing possible minor floods during construc-
tion of the dam with upstream levels thet will not require an excessive

v

1eight of cofferdam.

»

f. The size of the outlet has not been considered as af-
fecting the safety of the dam against overtopping, because in determining

the size of the spillway, no outlet discharge is assuned.

2. Satisfaction of design conditions.

a. Outlet design flood. - The outlet design flood adopted

has a total velume cquivalent to 2.15 inches of depth on the draincge
area of 175 square miles. The flood hydrogruoph was constructed by the
unit hydrograph method from a 2-1/2-day reinfoll, using the unit graph
derived from the September 1938 compesite flood. The time-intensity of
precipitution cssumed was @ constantly increasing rote during the first
half of the storm ond a constantly decrecsing rate during the sccond
half. The resulting moximum flood dischorge is 17,600 cubic feet per

second. This velue is 10 percent in excess of the peal discherge of the

4]

September 1938 flood, the highest of record. The ecstimated probable fre-

quency of occurrence of the outlet design flood is once in about 100 years.

b. Determinction of outlet cupocity. - It was computed by

trial ond error that an outlet with o« discherge copucity of SL0O cubic feet pe:

second, when the wutcr surface of the reservoir is ot spillway crest would pes:

the outlet design flood ond that the reservoir would just be f£illed to spillway

crest provided thot the gates remaincd opens The most probable method
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of operation would be to pass a large portion of the first part of the
flood, and store the latter pert of the flood in order tc get the great-
est flecod-reducing effect on the Comnecticut River., Such an operation
would necessitate greater outlet discharge both before and & fter the
throttling period in order to keep the pool at or below spillway crest.
Accordingly, a flexibility factor of 1,7 was aprlied tc the value of 5400
cubic feet per second value to obtein the desired maximun outlet capacity
of 2200 cubic fect per second. An additional requirement was imposed
that 85 percent of the desired copacity or 7320 cubic feet per second be
obteined with one gote closed. The computed discharge capucity of the
outlet as designed, with the woter surfoce ot spillway crest, is 10,500
cubic feet per sccond ith o1l gntes opened, and 7320 cubic feet per sec-
ond with one gate closed. The noturcl end modifieod outlet design flood
hydrographs are shovn on Plote No. 26, The excess copocity of the outlet

as designed is adequote to compensate for cny slight decrease in the net

Pl

flcod control capreity due to neglect of the noturcl valley storcpe.

.

Fa

c. Adequacy of outlets. - A check was msde by deter=-

mining the greatest pcol elevetions that would heve occurred if the Sep-
tember 1938 flood, the highest of record, had discharged into the empty
reservoir., This flood hed a peek discharge of 15,000 cubic feet per sec-
ond with a durstion of & days, and its total run-off volume was equivalent
to 7.5 inches of depth on the draincge crea shove the dem site. With all
getes opened the maximum poeol elevation wouléd have been 82.6 feet; with
one gote closed 85,1 feet; with tvo gates closed 8L8.1 fect., In actual
operation the gates would have been throttled considerably to fully uti-

lize the reservoir storage.
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d. Gates. - Four sluice gates, each 6 feet by 12 feet,
will be provided tec take cars of desirable variationsof discharge dur-

ing flood periods. The outlets are placed at a low elevation in order

to completely drain the pool and effectively utilize the storage capacity.
This also affords greater freedom from trouble due to ice and drift, etec.
The discharge from the reservoir may be varied from zero to about 10,500

cubic feet per second (reservoir full).

e. Discharge of freshets. - There will be many freshets

and small local floods which may occur at any time during the entire year
for which storage for flood control is unnecessary. It is desirable that
these be passed through the outlets without raising the water surface ap-
preciably higher than it would have been under natural conditions., A
maximum peak discharge of 1800 cubic fest per s2cond and a“flood run-off
of about 2 inches is estimated to be equalled or exceeded an average of
once each year. #ith the gates open such a flood would fill the pool

to elevation 826.L or 8.2 feet above the natural elevation for this dis-
charge at the entrance to the outlet. These heights are predicated upon
operation for minimum rises in water surface with all gates fully opened.
With & natural river slopc upstream from the dam of about 1,65 feat per
milc, thsse rises in elevation will disappear in 5 miles. |

f. Time required to empty reserveir, - The time required

to empty the reservoir from spillway crest elevation with ths outlets

fully open and a natural inflow of 2 cubic fest per s2cond per squere mile is

'
)
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about seven days., By this operation the channel capacity of the Ifillers
River would be exceeded. By regulating the outlet discharge tc channel
capacity, the reservoir can be emptied in about 8—1/? deys. If the Con-
necticut River discharges ere near chanrel capeacity, the outlet discharge
may be regulated still further and the time of enptying correspondingly
incressed,

g Provisions for maximua flood discharge during con-

—

)

struc@ig&. - During a2 single construction season it will be necessary to
divert the natural flow of the stresn through the cutlet, A maximum flow
of 3500 cubic feet per second, or 19,9 cubic feet per second per square
nile, has been selected for cnstruction diversior. It hes a probable
all-year frequency of recurrence of once in 5.6 years, a iy through Oc-

tober construction season frequency of once in 21 yecors, and a lMay threugh

December construction season frequency of cnce in sixteen yesrs, The out-

Fy

let as designod will discharge 3500 cubic

eet per second with the pool

L

at elevation 830 feet. An upstream cofferdsn built to elevation 832
should provide ample protection during the construction seeson., The cor-
responding elevation for a dovmstream cofferdan is &3 feet.

5. Oporation of rescrvoir, - For the greater floods the reser-

voir will be opersted so as to sccure the grestest possible benefit at
main denage centers on the Connecticut River. The outlet will casist of
four sluice gates. These gntes will normally te open and the reservoir
consequently will be empty, with the dischrrge regulating itself by small
variations in depth over the sill of th: outlet. Vhen flood retention

is recuired, the inflow may be entirely retained for all floods wvhose

volumes are insufficient to fill the reservoir (5.32 inches), This will
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be possible for all but the greater floods. The overation is to be guided
by observation of rainfall and stream flow as a flood progresses, so as

to determine at the earliest possible time whether a flood can be expected
to attain so great a magnitude that it cannot be retained entirely, ari
hew large a flow must be passed through the outlets so as to use all the
flood control capacity without overflowing the spillway crest.

D. SPILLWAY HYDRAULICS.

1. Requirements for spillway design. - The spillway shall have

sufficient capacity to pass the spillway design flood, which is 25 percent
greater than the computed spillwey flood, with no possibility of overtop-
ping the dam sven under the following edverse conditions:

a. The reserveir filled to spillway crest at the begin-
ning of the spillway design flood.

b. The outlet gates closed.

¢. The gates inoperative or the outlet passages blocked
during the entire flood period.’

d. The maximum possible wave height occurring at the in-

stant of maximum spillway discharge.

2. Spillwsy design flood. - The spillway design flood was es-

tablished at 35 percent in excess of the computed srillway flood. The
sevorest possible conditions were assumed in deriving the computed spill-
wey flood and a factor of safety of 1.35 is considered ample. The in-
crease in the computed flood was made by incr=asing the ordinates of dis-
charge of the hydrograph without chenging the duration of the storm. Peak
discharge and flood volume were thus increesed 35 percent, and the flood

period remained unchanged. The peak discharge bscomss 51,600 cubic feet
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per scecond cnd the totnl wlume is 20,56 inches, os shcvm on Plote Hoe 27,
The peck discharge is 29 cubic fou+ per sceond per squere mileo, or 3900
times the square root of the crainsge cree in squrre nilcs. It should be
noted thot therc is cn epprecicble frctor of so.fety obtoined by the use

of a composite hydrogreph for the Scptembor 1933 flood, from which the
unit groph vros derived,

2. Spill:ny surchrrgo, - Dischorge ond cost reletions, - The

spillwny acsign flood os routcd tharough surchoric steroze for verying
spillwoy surchorges to determine the relation botween mesimum surcharge
and requircd spillway dischorge conrcity, The routing nrocess mhkes use
of the net storoge; i, e., it melsos 21lotnece for the w.lley stornge vhich

would hove beon effccetive under nedye: wnad itions, The results of this

routing are shown o» Pliite Wo, 20, Ts cotermine theiiost cconomicel sur-

cherge the snnusl costs of dim oend spilliey vore dotormined scporately for

varying moximum surchorgos nd thon totrled to producc the graph of mox-

imun surchorge versvs totrl cmnusl cost of roesorvoire  These groons ore

showm or Plrte se grophs ond other nortinent foctors the

meximun surchrirge o scvon foct wes sclectod for desirn,
dischrrge required with - surcharys of gscven foot is 50,500 cuhic fect

per  sccond, The surehirge sbornge, for o surentrge of suven fect, is
equivelent to 2,8 inch s of run-off on “he aross crointge oren, cnd effects
& considerablc reduction in the inflou hyirozreph of th spillucy design
flood. The frecbonrd storage, cbove the surchirge ctorige, is cquivelent
to 2.1 inchis of run-off on the wrtershoed. The totel ster-ge, from spill=~
way crost to top of dim, cquols 5.2 inches of run-off, or 25 pcrccnt of

the spillwey design £1ood volunc, or 3 worcont of the coaputed spillwmy



flood volume, The hydrograph of spillwey dischirge for the spilliay de-
o i I J o by

sign flood with o moximum surcheorge of scven feet is shown on Plate No.

27.

L. Spillvey overlocd coprcity, = The computed spillwey flood,

and floods grecter than this By 35 percent rnd 150 percent, were routcd

through surcharge storcge to produce the curves showm on Plate Yo, 30.
A flood hoving o volume of Ll inches andapenis dischorge of 110,000 cubic

feet per sccond would raise the reservoir level to the top of the dem,
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V. LABQRATORY AND FIELD IWVESTIGATION OF
SOILS FOR EMBAWEMINT AND FOUNDATIONS,

Ao CLASSIFICATION OF D‘MTEPIA_I?' - The Providence District has

adopted a canvenient system of soil classification heving rigidly stand-
ardized terms. In this clessification soils ere divided into 16 classes
as shown grayhically on Plate Moe. 31 and described in Teble Noe 1. The
particular fectures of this svstenm are (1) it recognizes thut accumula-
tions of sedimcnts in nature may be either slight mixtures of verious

grain sizes, relatively uniform in tids respect, or intergradotions of

these types, (2) it affords & meare of rw=pidly evalusting relative per-

b

meabilities, (3) it «ids in showing rorc accurately the distribution and
geologic relctions of the overburdoeu, cspeciclly of those portions com-
posed on non~wmiformly gimded materinls, and (i:) it contributes to a
more reliable classification of soils in the rield prior to leborctory
confirmation. Even numbers are usell to designate motericls of uniform
texture. O0dd numbers designate matericle of wvarisble tecxturecse The sizes
for gravel, sund, silt and clay are the sume as those in the so-called

Me I. Te clossificotion with the single excovbion thot size demarcction
between fine silt and coarse clay is not rigidly held at 0,002 mm. but

is allowed to very from 0,006 mm. to €,0006 rm. This flexibility is

introduced in rccognition of the foct thot naturel dopositions of fine-

textured sediments, such ce glacial silt (rock flour) behave differently
from clays despite similarity of groin-size distribuiion.

B. GRAIN SIZE AWALYSIS. - Groin sizc cwves of scmoles werc ob-

toined by meons of siove end hydrometer nnclyses. The matericls were



carcfully classified and their occurrcncc shown on Flate No. 5. Usc wos
made of every sarple recovered in order to show as accurately as possible
the actual geological occurrence,

Ce WATER CONMNI'ENT AND VOID R:‘:T__I_Q. - Water catents and wvoid ratios

were determined on numerous 2% samples recovered from bore holes in abut-
ment: of the dam. In addition these tests were run on samples from test
pits representative of borrow arecs. An attempt wes made in two 6" holes
to secure undi sturbed samples of the finc Class 6 send in the dam founda-
tion in order to determine the natural density of this deposit. A4t
present this investigation is not complete as it cannot be stated with
definite assurancc that semples rccovered by prescnt equipment are un-
disturbed, It is planned to continuc this investigation with diff'erent
sampling mcthods.

De PERMEABILITY. - Plate Mo, 32 entitled "Generalized Section"

shovis average permeabilitics for each class of embankment and foundation
material, Those valuss were detennined from laboretory tests a1 both
disturbed and uncdisturbed sampless.

E. CONSOLTDATIOW. - Settlement of the dam is not an important

problem at this site. The glaciel till in both abutments is very compact
with natural void ratios of .2 to .35. Very little settlement will be
contributed by the 5C foot laver of fine Class 6 sand underlying the
valley floor. Based on cmsolidation tests of this matericl, ultimate
scttlement of the dam has been computed end is noted in Section IX,

paragraph G.

F. S#Bit. - Invesvigetions to dctermine shearing resistance of



foundation and ambenkmont materiuls have boon run anploying the foll ow-
ing methods:

(1) DIRECT SHEAR METHOD - 411 diffcrent types of matorials

occurring in the foundation or to b used in the embinkment investigated
by dircet shcar tcsts allowing complete consolidation under nommal loade
with horizontal movement at constunt ratc of 0,06 inches per minutc, 4ll
miterials worc found to bc cohesionless with angle of internal friction
ranging from 32 to 39°. Typical curves for the pervious and impervicus
embankment matcerialc arc shown in Plites oz %3 (BHI-Gld) and 3L

(BHM=-G2d).

(2) TRIAXI&L CQMPRESSION METTOD - In order o determine

critical void ratios of the fine Class 6 sand occurring in the founda-
tion triaxial tests were performed on this materizl in the Concord Soils
Laboratory of the Boston District. These investigations are being con-
tinued.

ey

Ge SEEPAGE SYUDIES. = Analysis for guuntity of seepage has been

riade by means of the flow net. 4 wodel test was 2lso run on a prelim~
inary embenlkment section.

H. 9*0‘?&0_'1‘}9__ -~ Mony compoction tests bused on the Proctor
fnalysis procedure and Terzaghi's rel.tive density determination were
performed in the laboratory wn materials intended for pervicus, random
and impervious cmbonkment constructicr. Plates Nos. %5, 36 (€2d), and
37 (C3d) show typical compaction curves for the verious classes of om-

bankment materials. Compaction choracteri stics are also sumuarized in

Table Noe 2 entitled "Summary of Matericls iviilable.



-

-

I. OTH:R TESTS - Numerous other tests <f less importance included

extraction for solubility and specific gravitye.

J. BORROW AREsS. - Six potential borrow arens were explored. Bor-

row areas finally selected «s iore suitoble are shovm on Plate No. 7.
Area A is the major source for pervicus embunkment materinl, selected
pervious filter material, gravel bedding beneoth dump rock on slopes and
also considered as a potential source for concrete cggregetes.  Area B

1s held as an alternzte to Area A beins less desirable minly because of
its longer haul. Quwntities of moterials required balenced agecinst ma-
tericls aweilable and their physical charcoteristics are swmiarized in
Teble No., 2 entitled "Sumary of Meterials Available". Composite grain
size curves for the various types of mtericl =re shown on Plates Nos. 38

(BHM-Bld), 39 (B2d), Lo (B3d), L (Bld) end L2 (B54).

- 3l -
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PROVIDENCE SOIL CLASSIFICATION
U. S, ENGINEFER OFFICE
PROVIDENCE, R. I.
TABLE 0. 1

CLASS DESCRIPTIOX OF MsTERIAL
1 :Graded from Gravel to Coarse Sand. - Contains little medium sand.
2 :Coarse to Medium Sand. ~ Contains little gravel and fine sand.
3 iGraded from Gravel to Medium Sand, - Contains little fine sand.
Ly tMediun to Fine Sand. - Contains little coarse sand and coarse
H SileQ
5 :Graded from Gravel to Fine Samd, = Conteins little coarse silt,
6 :Fine Sand to Coarse Silt. - Contoins little medium soend and medium
: silt.
7 :Graded from Gravel to Coarse Silt, - Contains little medium silt.,
8 .Coarse to Medium Silt. - Conteins little fine sand and fine silt.
9 :Graded from Gravel to Mediun Silt. - Contains little fine silt.
10 :Medlum to Fine §ilt. - Conteins little coarse silt and coarse clay,
Possesscs behavior characteristics cof silt,
10 ¢ :Medium Silt to Coarse Clay. - Contains little coarse silt and
rnedium cley. Possesses behavior charccteri stics of claye
11 :Graded from Gravel or Coarse Sand to Fine Silt. - Contains little
coarse clay.
12 :Fine Silt to Clay. - Contains little medium silt and fine clay
:  (collcids), Possesses behavior characteristics of silt,
12 ¢ :Clay. = Contains little silt. Possesses behavior characteristics
: of clayv,
13 :Graded from Coarse 8and to Clay. - Contains little fine clay
: (colloids), Possesses tehavicr chiracteristics of silt,
13 ¢ :Clay. - Graded from sand to fine clay (colloids). Possesses

: _behavior characteristics of clay,

- 35 -
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TABLE NO. 1

SUMMARY OF MATERIALS AVAILABLE - BIRCH HILL DAM

SOILS LABCORATORY

ESTIMATE WO. 5 = TO ACCOMPANY
PRELDIINARY REPORT $6

FEBRUARY 15, 1540

Bandplaced Riprap

let channel.

tin plece with
1bulking factor:
10 1.4 pro- [

Some badly weathered, to
be spoiled.

MATERTALS REQUIRED MATERIALS AVAILASLE
! @arnry, v QUANTIEY, v PERMEABILITY ¢ ANGLE OF \___ COMPAATION CHARACIERISTICE
PR ' . somce + CO, YD, CLASS AND TYPE ' COEFFICIINT VINTERNAL FRICTION, " UPYINUN WITEX UOMPACTED DRY WETORY,
: XAV, MEAS, ¢ 1k @ CM,/SEC. x 10~h g es LS MIDT A LBS. PIR CU., PT.
L] [ 1 ] . t [}
' Exoavatien from Oute , 1 Class 9-7. ' ' N :
' let Channel 9,000 1+ Olaoial till with angular ' ' '
65,000 (In lower portion of t rock fragmenta. Contains , f} 1 '
lol-ut Ispervious t P11 Mesask exoavation) ' 1 few boulders. 1 ' [ 1
Ll
bankment : 65,000 Uey regquire some Lroo:uu‘ to rmv: boulders above 6" in dh-nt-r. 0.1 : 33° ¢o 390 : 7¢9 : 130
¢ Exoav, Exoavation Outlet [ 1 Class 37, 1 [ : '
t  Xeas, s Chamnel 1 16,000 1 Olsolal till with many 1 1 ' .
' v (In upper portion of . 1 engnlar rook fragments. ' ' [
t + exoavation) ] 1 Contains many boulders. [ ' :
(] Will require proseseing to remove boulders above &% in diameter., [ ' ]
¢ 0 0 0 0 t 1
] lhomtien‘h'u oute ] [ ' ' '
v ot Channe. t ) Class some 2 and 6. [ [ [ t
t h (At intake and owt~ , 14,000 ' "odhnh:iley sand with N 1 te 10 ' 33° o 3,° ' 12 to 1Yy 110 to 114
1 4 l'l:h.):' en floed " 1 no boulders. 1 ' ' '
t P ] [} [] ] 1 []
l"'ﬁum W - O T ¥ 0 1 0
0 Meas. s EBxoavation from T ] ¢ ] t '
Random Pubanikment ] ?: Cuteoff tremeh N 4,000 , Clase |, 6 and 5 ' ' \ '
s 86,000 iy 0 " T T 0 )
1Bxoav, " 1 t Class 7, some L and t ' ' 1
1 Meas, 4 Spillwey Excavation 10,000 1 some 2, 1 Q.5 to 15 ' 32° vo 3,° f 10 te Wy 108 to 125
[ " ) y Olasdal ti11 and sand. s ] ' ]
) ”" 1 1] [ ) ) L
L] 1 Borrow Area "A" [ t Clasa 7-5 ] ] 1 1
' oo (Random Seotion) ' 60,000 s Variable sand and fine 1 1 to 10 ' 32° to 3h° ' 12 to 16 110 to 116
(] e 1 1 _greavel, 1 ] ] ]
0 i [ 1 0 ) 0 t
’ ¥1 Exoavetion from Oute 1 Clase 9.7 s t As placed 1n apoil bdlanket withous rolling.
t 28,000 #s let Chamel . 34,000 1 Olaoial till with meny ' 3 [ 320 to 330 ' 7T tol0
oP411 Meas. s (In upper portion ' 1 boulders, whioh are gene [ ' '
Random Impervious 1 #s of exoavation) ? 1 erally conoentrated near t When campacted by:rolling. N
Upstrean Blanket T 25,000 s t + surface. ' 0.2 ' 330 to 3° 1 Tteo10 125 to 129
1Bxoav, sjs To be used as a blanket without removing boulders and without ] ' [}
v Meas, vy relling. Quantities shown for blanket 200' wide. Width of ’ ' 3 1
[ ¥s blanket will be imoreased to use all available material. ' ] ] ]
O 1 ' 1 0 0 0 0
1 78,000 s [ [ [ ' ' [
« Borrow Area *A" [ 1 Class 1 and 3 [ ' ¢ .
Pervious Bsdaniment 1 (Pervious Seotion) 1 180,000 s Glacial gratvel with ' 20 to 100 v 35%¢0 3%6° .- ' 130
g ] r 4" to 8° oobbles. ' ' ' '
U Y 1 [ ' [ 1
u ) 1] 1 L] ] )
Greavel Filter ' sl *Borrow Ares "A" [ ' ' 1 [ ]
snd Bedding 3 1t by selection. { [ t ] ' 1
1] " ] L] ) ) 1 3
Comorete Aggregates ' " ] 1 Claes 1 and 3 1 ' 1 1
Cearse Aggregate v 14,000 ) ' Ample + Glacial gravel with ' ' * '
Pioe Aggrecate s 7,000 s Borrow Area *A" ' 1 L® to 8" gobbles. ' ' ' '
1 h by processing. 1 1 ' ] ' '
Roadway Grsvel + 2,000 ' ' 1 ' [ '
] [l ] ' s r ' 3
L] 1 1 ) t 1 t
' stripping under dam 36,000 1 Topsoil, Cl. 6 sand. 1 t ' '
’ alite, ] 1+ Alao deposit of organie . 1 ' ]
8poll as fill in up- ) \ : material. ' 1 (] [}
stream river channel: o= 8 [ 1 0 0 t ' N
' sk Stripping fram Inlet , ' ] ' t '
] End of Channel Exoa- , 9,000 « Topsoil. ] [ ’ [
[] vation. t ' [ 3 1 3
) U T 0 t t 0
Spoil to £411 in ' Stripping from Outlet, 1 ' ’ t t
sarsh at end of 1 ee- End of Channel Rxeae- 7,000 1 Topsoil. . v 1 '
outlet ohanmel. [l vation. [ ' ' : ] ]
— ' T T v ' 1 '
Baokfill and spoil at 3 == 8pillway Exocavation 20,000 4 Class 7 and &4 : t t s
spillways. y t 1 and oansiderable organie 1 ' '
] [] 1 _material, [ 2 ] )
[ ' 1 ' . ] ]
Dunped Rook and 1 38,000 Excavation fram Out- s, 000 s Granite and mice schist, ' ' '
. ] ) t '
1 ) ) t 4
] ] s ] ]
1] 1 ' ) )

1vides 75,500

®e All materials ochesionless - 0= 0
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VI. DUSECY CRITERIA

The Birch Hill Dam is designec for safety and stability during
all conditions of run-off from the drainage cren above. L demonstra-

tion of the various lozading, stability end sofety requirement conditioms
to which the dzi» vill be subjccted wnd its avility to rosist those con-
ditions are indicated in Section VII ©ad the following by showing how
the dam meets the following desipgn criterias

(1) The spillwey capecite is so great that there is no danger
of overtopping even with the ouvtlet closed und tlie reservoir full when
the spillway flood occurs.

(2) The froebosrd is so zro.t tie© there is no o nger of over-
topping by waves.,

m N R A~ Y v R < ey o -~ Y Al - ~ .-
(3) The unstres cnd dovmshir ov slomes of 4o dem are such that

e stoble wader 11 con-

with the materials used in caustruvciion thor 111

ditions.

(l;) The line of sutur

(5) Vater which y

asacs throvgs nd under the o +7ill, whon it

o

comes to the surfece, heve . wlocit so sw.ll thet it ig incnpatle of
moving eny of the matericl of whid the 4o or its found.tion is canposcds

£

(6) There ic no Joseibility for the free rassoge. of witer from

the wpstr.cm to the dovmstreun fucc.
{7) %o matericl soiuble in wetor is used in ey wert of thoe dem,

(8) The foundetion is sufficicatl stcble to rosist unduc

stresses causcd by the wnboninment 1o d.






VII. GENERAL DESIGN

Ao STABILITY OF DAM. « In general,design of the embankment is based

on experience and comparison with existing rolled-fill dams with consid-
eration given to utilizing available materials from suitable borrow areas
and required excavations. The typical maximum section and profile of the
dam se designed are shovm on Plate No,. Li3 entitled "Embankment' Details.
In this section of the Analysis of Design stability of the embankment a-
beve the foundation only has been analyzed. For a more general descrip<
tion of the adopted design and particularly for stability analysis of the
foundation reference is made to Section IX, Paragraphs C, D and G.

Shear tests performed on representstive remoulded samples of ma-
terials intended for use in the embanlmnent resulted in values for the
angle cf shesring resistance, @, ranging from %2° to 79°., 1In general
tests o¢n imvervious and finer-grained materials obtained the higher angle.
This is due te the sharp, angular shape of the grains in contrast to the
roughly round shape of the particles camprising the more pervious sedi-
ments. None ¢t the materials tested possessed cchesisn, Typical shear
curves eve slcav on Plates Nos. %% and 3.

Ire pethod used for solution of the stability problem is con-
tained iu o panec Uy Profe Do We Taylor of Hassachusetts Institute of
Teohmolien oot tle’ "Utability of Earth Slopes". This peper was published
in the doacwi! of the Boston Society of Civil Enpincers, Voluame XXIV, No.
%, Juiv i
Jeeowontion studied for stability is showa wn 2lase No, 32. For

a dam sudb;e¢:t SO s.dlen drawdown the upstreem slooe is more vulnerable to

- 38 -



failure., Hence it will be enalyzed in detail for stability. There are
four important conditions to which the upstrea: slope may be subjected:

1. Complete submergence - reservoir rull, flood stage to
elevation 80,

2o Sudden drawdovm - vater instaatane usly renoved.

e Steudy seepage - continuous flow of water through the scil
maintained by razn water or wme:ns other than the reserveir source.

L. Capillary saturation - no flow of water, no supply, no
evaporation,

Other conditions cof partisl satuwration cr drying cre not s¢ severe ond
therefore need not bc considered. Cesc 1 is n~t e critical condition os
the shearing strength required for stobility will have the lowest value
of any of the four cunditions stnt-d. Casc i is the rost common for this
type of structure ¢nd its use as = flood comtrol dume Studies of Cose %
have shovm results in value sonewicerc betwee: those obicined for Cases 2
and L. Case 2 is the most important since anelvsis bused on this assump-
tion proved to rive the lowest factor of sifetv. Conscaouently, cnly thet
stability analycis for the cmbrakment when sutjceted to sudden drewdowm
(Casc 2) will be presented horcin.

The assunption of sudden or instuntuncous dravidovm is cxtremcly
severe ¢nd is the ost unfavorable that con reascnably be considered in
calculations. It cannot possibly be net by actual operating conditions.

It is assurmed further thet water vwithkin ond saturating the vostrean section
of danm vhen the upstrean slope is completels svhierged is retarded wcppre-
ciably in its atteapt to follow drawdovm of the reservoir free vater level.

Such retardition cannot be the cuse since the nerviocus outer shells are

I

Oy

\O
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highly permeable, possessing an oversll permeability coefficient of at
least 50 x IO"h‘cm./sec. and an actual coefficient much in excess of this
value neer tiie outer slopes.

The case of canplete submergence is transformed into the sudden
drawdown case by the irstanteneous removil of the force of veter against
the upstream slope. The weight o soil per cubic foot is now instanta-
neously increcsed from a weight for submercged moterial to « weicht for
saturated material., The added weight is carried not by the soil skeleton
but by imposing an cxcess of pnressure in the weter saturating the soil
particles. Tho casc of sudden drowdown assumes that this vater is per
colating outwvard to the upstresm fuce is rotarded long enougl to prohibit
the building up of frictional resistince betwocn the particlese. This
phenomenon docs not occur in a pervious outer chell. However, the as-
sumption of the worst conditions of seecpase arc made herein to solve for
an obsolutc minimum value for the factor of safetr,

The material intended for use in tle pervious outer shells of
the dom possesses an average value of @ = 35,5° vhen compacted to a void
ratio, e = 04279,

The follovring nomenclature is used in these slope stability
analyses:

ﬁ = angle of internal f{riction, degrees

¢ = void ratio = volume of voids
volume of solids

#a= effective engle of internal friction (F reduced by
fector of safety), degrees

1 = angle of inclination of side slope with horizontal,
degrees



Fyp = factor of sifety - no cohesion
w = saturated weight of soil, lbs./cu. ft.
E = effective vertical heizht of slope, ft.
ﬂ# = weighted value of ﬁ, degrecs
g W, = weight of water = 62,11 1bs./cu. ft.
s = specific grevity of soil = 266
wg = sulmerged weight of soil, lbs. /cu. ft.
411 available friction, as interpreted by volues of g, s
not utilized in the unalysis bub was reduced by a factor of safety to
an e¢ffeetive friction, there ramining an excess of unused friction.

Therefore
tan g = F. tan ﬂé

A theoretical deteminction of ﬂﬁ, the weighted vilue of @,
at the instent of drawdovn, is extremcly compliceted ond lengthy. An
arithmetieally weighted velue, obtained i reducing the effective wnrle,
ﬁa, by the ratio of the sibmerged weisht to the saturated weight will in-

volve a small discrepancy but is sufTiciently accurete to use. Thus

Bo=_"s _ Ba= _s=) By

.J’s"’W'o st+e

The section studied for stability, shown on Plate Ho, 32, as-

sumed side slopes of 1 on 3 or having aan cnyjle of inclimation, i = 18.L°.

Assuming first a factor of safety, FLo=1
fa=_F orfa=pg=35.5°
Fp
Yovs ﬁﬁ = s-1 = 2406-1 (35.5)
s+e 2.66+0,28

o =

- il -



This means that a side slope of

(o YaY

2041°

can be maintained in this
material without sloughing or sliding due to impeded seepege toverd the

upstream face of the dam when the upstrean slope is subjected to sudden
drawdovm .

Or, the maximum slope to which this material can be construct-
ed without danger of instability is 20.1

which 1s & slope of 1 on 2,73,
Novr i= ﬂ% = s-l ﬁd
. s+e
or Fq = _ste i = 2.66+0,28 (1C.L
s-1 v 2.(1‘)-1
= 32.3°

This is the cffective obliquity of stress or effective angle of
internal friction, representative

of the wmount of friction utilized to
hold the slope in stabilityv under

swicenn drawd®ine
Since tan ?fd = tan 4
Fr
Therefore F. = _tan 35.5° = 0,713 = 1,12
T&n 32-30 Oqé’}ll.
The factor of sufety of the upstree

cern slope against sloughing or sliding
essuming instentaneous drawdovm, retorded secpige and inappreciable co-
hesion is 1,12,

It is not necessary to design for as flat

I
O

slope on the dovm-
stream face as on the upstreom frce since scerage forces

o

ac to sudden
drawdovm do not materially affect the dovmstrowa: vortion of the dam

SdMe
Therefore the criterion of completec copillar: saturation (Case L) with no
Then

="
cohesion in the soil is assumed as o basis for this

iis stebility wunalysis.
L= Q/d = ﬁ
Fr

wihere i for thc assumed dovmstreom slope of 1 on 2=1/2

1

21.8°
- jLQ -

‘e @ -
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Therefore Fo= f = 35,5 =13
i

The dovmstrean slope if coanstructed to 1 on 2-1/2 will have o

factor of safety of 1.6% when subjecctod to complete capillary saturation.



Be PERXCOL.TION THROUGH DAY -D FOUNDATIONS. - The section consid-

ered in estimating seepage is shovm on Plate o, %2 (BHM~-Eld)., This
section shows average coefficients of permeability and generalized under-
ground conditions on the flood plain,

Based on flow net studies for this section seepage has been esti-
mated at 0400085 cu. ft. per second per lineel foot, the greeter portion
of which is through the foundation. With due consideration given to the
reduced head acting and relatively impervious foundations at the abut-
ments, total seepage for the entire dom has been estimated at 1,0 cu, t.
per second which is equivilent to 650,000 gillons per daye. This volue is
besed on moximum weiter surface meeting the impervious core at elevation
860, eight feet above spillwny croste

As shown on Plate Ilo. 32 (PIR=Eld),uaterial overlying the fine
Class 6 sand in the foundation forms o matural filter dovmstream from the
core. By extending the nervious material bencath the downstrecrs rendom
section full adventige is taken of this naotuwral filter. There is then a
progressive inc¢rease in permeability cnd in grain size in the direction of
flow upwvard from the fine sand foundotion. iith the under seepage concen-
trated through this natural filter under the random section and weisited
down by the load of dam above, any denger of niping through the foundation
is eliminateds, As a further precaution arcinst Dipiug e layer of gravel

bedding filter meterial is used under the downstrear: rock toe.

-
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VIII. HYDRAULIC DESIGN.

Ao LOCATION, DESCRIPTION AND DESIGN OF DISCHARGE STRUCTURES.

1. SDil]Vﬂiyo
B T

a. Location and description. - A smll valley north of

the right 2butment of the dam provides a natural spillwayv. Bed rock is
clecse to the surface in several natural saddlés, und concrete overflow
sections can be constructed to any reasonable length required to ensure
a small surcharge. Because of the topography, nc othar type of spillway
wes considersd. A long spillway is desirubls to prevent excessive back-
water damage from high surcharge in the town of Baldwinville located on
the Otter River in the upper region of ths reservoir, Thrac potential
sites for the spillway, locatad in the narrow valley, were investigated,
and the most economical was chosan.

The spillway site is located approximstely 1000 feet down-
stream from the center line of the dam. The spillwey weir will consist
of two concrete overflow sections separated by a natural knoll, and will
be constructed cn solid rock. The totanl length of the spillwey crest
will be approximately 1100 feet. The main spillway, located on the widest
and lovest saddle, will be 720 feet long. The auxilicry spillwey will
consist of a low concrcte section 350 fezt long located in the adjacent
saddle and a concrefe section 30 fest:leng, eclosing an abandonad reilroad
cut through solid rock. The crest elesvation will be 852.0 m.s.l, The
water will approach the weirs through the valley and no excavation is
required in the approach channel. The aporoech to ths main spillway is deep
whilz the sapproach to thz auxiliasry spillwey is shallow. The discherge,

after passing the spillway crast, will bo carried in a natural gully to
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the river below the too of the dam. Throee narrow nilot chsnnels have
been provided, principally for drainage. For = plan and ssctions of the
spillway soe Plate No. UL, In the design of the spillway, the safoty

of the dam wns considercd paramount. The spillwny was designad to pass
a flood equal tc the computed spillway flood increased by 35 percent.
The spillway approach is separated from the dam by a natural knoll and
the discharge channel is located far enough downstream from the toe of
the dam to prevent any damage. The spillway was originally designed to
have a total length of 920 feet. It was subsequently found fsasible to
increase the length to 1100 feet, ot 2 small increass in cost. The
following discussion, and sll plates, pertain to the original design,
laving a length of 920 feet. The inereass of 180 fe-t in the length pro-
vides an added factor of suafaty, and is in no way detrimsntal.

b. Spillway design. - The spillways ars rcquired to pass

56,000 c.f.s. with a maximum surcharge of 7 feet measured from crest to
reservoir water surfuacc.

(1) Control Section., - The crast of =ach spillwey is

formed by & concrcte ogec-shaped ssction, tha profile of which follows
the curve of the underside of the napps formed by flow over a sharp crested
weir under a head of 7 fect and an equal depth of approach. The discherge
was computed from the formula:
Q=CLHZ3/®?

in which C is the cocfficiznt of discharge, L is the crest length, and é
is the height of the energy gradient above the crest.

Since therc is to be practically no sxcavation in both approach
and escape channals, the coefficicnts of diécharge will be relatively low
until consideraeble crosion and scour occur during floods. It vms consid-
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¢red that values of 3.l for the primary spillway and 3.1 for the secondary
spillways would be conscrvative figures to use in computing the discharge.

In computing the loss of head in the long and irregular approach
channel the value of "n" in Manning's formula was 0.030. The approach
will be cleared up to spillway crest elevation,

(2) Spillway rating curve and increase in capacity by

encroaching on dam freeboard. - A rating curve for the spiliway is given on

Plate No. L5, It may be seen from this curve that the spillway discharge
will be 124,000 c.f.s.,. or 122% greater than the design discharge without
having the reservoir surface rise above the top of the dam.

2. Outlet.

a+ Location and description., - The outlat structure is

located on the right bank and is founded on solid rock., {See Plate No.
L6.) The topography ond rock surface sllow of three typss of structure.
A reinforced concrete conduit passing under the dam with an intake tower
located at the upstream tce of the dam and a formal stilling besin at the
downstresm toe of the dam was considered undesirable because of the pos-
sibility of seepmge along the surface of the fill and the conduit. & con-
crete lined tunnel outlet with either an intake tower at the upstream end
or a shaft excavated through rock was reiceted because of a higher cost
than the outlet structure sclected. The sclection of the open cut outlet
channel was mnde aftsr careful cost analysis and study of safety consid-
erstions. The outlet works as adopted consist of = chsnnel excavated
partly in earth and partly in rock, a reinforced concrete gate structure
constructed agninst solid rock, and an operating house located direcectly
above,

(1) Intske channel. - The intake channel will be

1500 feet long, nnd will have = bottom width of 70 feet which will be re-
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duced to L0 feet at the gate structure. The side slopes of the ehannel
will be 1 on 2-1/2 in earth snd Ly on 1 in rock. The earth slope nearest
the dam will be riprapped. The rock slopes will not be lined with conerete
except for a short distsnce near the gate structure, where low concrete re-
taining walls are necessary to retain the earth fill,

(2) Gate structure. - The gate structure will be lo-

cated on the centerline of the dam and will consist of a reinforced con-
crete structure resting on and keyed into solid rock. The height of the
structure from sill elevation 815 m.s.l. to the operating floor at eleva-
tion 864.5 m.s.l. will be L9.5 feet. Flow through the gate structure will
be controlled by four truck-type service gates each 6 feet wide by 12 feet
high. Emergency gate slots will be provided directly unstream from the
service gates. Three concrete piers extending up and downstream will
separate the flow through the gate structure. The gate openings will be
lired with semi-steel conduits. There will be no trash racks.

(3) Operating rouse. - An operating house will be

constructed to house the gate operating machinery and other accessories,
Access to the gate wells and gates will be through the operating house.
The building will be constructed of brick.

(1) Outlet channel. - The short conduit under the
gate structure will discharge directly into the 1,150-fcct long outlet
channel; no formal stilling basin is considered necessary. The channel
will flare from a bottom width of LO feet to 70 feet a short distance
dovmstream from the gate structure., Except at the structure no lining

for the cheiinel will be provided. Hish velocities are expected in the

outlet chanrel, and field operations may reveal the necessity for concrete
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lining. The 1 on 2-1/2 ecarth slopes will be riprapped where necessary.
The water will return to the river well below the toe of the dam.

b.  Outlet design. - The outlet works discharge water
stored temporarily in the reservoir for flocd control, the natural stream
flow during construction,snd the normal low water flows after completion
of the reservoir. As shown in Section IV C, Paragraph QB, the required
outlet capacity for flood control operation is 9,200 c.fes. with thc
reservoir surface at spillwayv crest elevation £52 and all gatcs open,
With one gate closed the required outlet capacity is 85% of the capacity
with all gates open or 7,000 c.f.s. Preliminary studies indicated that
the diversion requirements would not govern in determining e size of gates.

(1) Comrutation of gate size. - The selection of the

o s st oy S S et + e o

proper gate size was made by equating tiie head available and the sum of
the hydraulic losses for various combinations of size and number of gates
until a satisfactery solution was obteined. Consideration of the topography
and geology fixed the sill elevation at 815 and preliminary computations
showed that the roof of the sluice-exit would not be submerced b tailwater.
Hence, the head measured from the reservoir surface at spillwayv crest to
the roof elevation at exit was equated to the hydraulic losses, which in-
cluded the velocity head at exit. It should be noted theti trash recks were
not considered necessary for this gate structure,

The hydraulic losses were computed on the besis of the following
assumptions which are considered good practice:

(a) Friction. - The value of "n" in Manning's

/
formula, V = l;%gé.R 2/5 81/2 was 0.013 for concrete surface 0.045 for rock

cut and 0,025 for earth.

- 19 -

LV AR A A A B A e e LS T e o

fut

VA o W as



(b) Entrance, - Loss = 0.1 h, where h_ is the
velocity head in the sluice,

(e) Gete slots. - Loss = 0.03 h_ where h is
the velocity head in the sluice.

(d) Sluice-exit. - Abrupt transition loss = 0.5
ghvl - hVQB where hv1 and hv2 are the velocity heads before and aflter the
abrupt change in sections. Four 6'x12' gates were used in the final lay-

cut., The discharge with one gate closed was required to be 7,000 c.f.s.

as explained above or 2,600 c.f.s. per gate. The computetion was made as

follows:
Reservolr water surface El., 852
Exit-invert El. 815
Roof vt wwit invert =1, 327

Gross nowa to top of sluice at
exit = 25.0' = 852-327
Losses in terms of h (velocity head in sluice)

Entrance 0.12
Gate slots 0.03%
Friction 0.08
O.z21
Exit velocity head 1.00
tross head = 1.21 h, = 25,0
n, = 228 - 2046
1.21
v = 56.1; f.t/sec.
for 1 gate = (6x12)36.0 = 2,620 c.fas,

|1}

for 3 gates 7,860 = 85.4% of 9,200 c.T.s.
for L gates = 10,500 c.f.s.

OO O

(2) Design of bellmouth intake and transitious. - The

profile of the rcof line of the bellmouti: intake was made to conform to a
quarter ellipse having major and minor axes 1.0 and 2/3 times the height
of gate, with the major axis horizontel. This shape is based upon model
studies of similar structures,

Transitions in both spproach and exit channels were made to pro-

vide satisfactory flow conditions.
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(3) General hydraulic behavior. - Wher the reservoir

surface is at spillway crest aend the gates are fully open, the velocity of
flow at the sluice-exit is 36 ft./sec., and increases to a maximum of 40
ft./sec. at the end of the concrete apron where the channel is L0 feet

wide with side slopes of L on 1. The velocity is continuously reduced by
friction in the rock cut to 22 ft./sec. at Station 17 + 00 where the chan-
nel flares gradually fromn & width of |0 feet to 70 feet in a distance of

&0 feet. The velocity increeses slightly in the flaring portion and the
flow remains in the shooting or lower stage until the hydrauviic jump oc-
curs at about Station 17 + 80. The velocity is reduced to & ft./sec. and
flow remains in the strearing or upper stage in the remainder of the escape
channel under all conditions of tailwater. The hydraulic jump occurs well with-
in rock cut for all discharges and all heights of tailwater.

(L4L) Tailwater and outlet rating curves. - The taillwater

rating curve (Plate 2L) was cstablished by backwater computaticns, estimated
flood discharges and cerres~ending highwater marks. The tailweter elevation
corresponding to a discharge of 10,500 c.f.s. is 8256. The tailwater has no
effect on flow condition in the escape channels until it recches elevation
€21 since a control secction exists at the end of the escape channcl for
lower tailwater. The outlet rating curve is shown on Plate L7.

B. EE?EEQfEEf - Computetion shows that the maximum height of waves
to be expected is approximately 3.2 feet. To include the effect of ride-
up on the sloped surface of embankment, an allowance of 1.L times the total
height of waves from crest to trough or l;.5 feet was made. To this was

ddded a wind set-up of 0.l foot; the resulting freeboard of 1.9 feet pro-

vides an adequate factor of safety. Thus, with the adopted freeboard of

-5 -



5 feet there is no danger ol waves overtopping the dam,

C. MODEL STUDIES. - Model studies of the outlet will be made in the

near future to check the hydraulic behavior and suggest possible cconomies
in the design.

D. METHODS USED TO REDUCE ERODING VELOCITIES. - Mo provision has

been made to prevent erosion downstream or upstream from the crests of
the spillways since it is considered that any erosion which will take
place will not affect the safety of the dam and appurtenant structures.

Any erosion of the escape channel which accompanies a flood will increase

a

the capacity of the spillwars by reducing the vackwater effect anc thereby
increasing the crest coefficients. The downstream toe of the dam is
heavily protected by rock riprap.

The rock cut in the escape channel of the outlet works provides
a natural stilling device. Rionrap protection of the earth portion of the

escape channel is provided a sufficient distance downstream from the hy-

dravlic jump to protect the downstream toe of the dam.
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X. EMBaWIMENT aND FOUEDATION DESIGHN

A, MATERTALS AVAIIABLE. - Materials available for embankment con-

struction and their suitability have been discussed in Section V, para-
graph J and summarized in Table No. 28 entitled "Summary of Materials
Aveilable", Enbenlment material will be obtained lergely from two sources,

excavation from the discharge channel and Borrow irea l.

B. ZCONOMY OF CONSTRUCTION, =~ Owing to the low height of the dam

and the smnll quantities involved, the most economical construction of

the embanlment is by the rolled-fil: method, This type of construction
also makes it possible to utilize » major nortion of the structure ex-
cavation, which is the source of imnerviouve and random £ill, without stock-
pilings Stresm diversion and railroad relocation cen be deferred until
the spring of the sccond construction sexson without delaving embaniment
construction and this will be an adventage in reducing flood hazards dur-
ing construection,

C. DIMENSIONS AMD DESCRIPTIONS. - The wnrofile =nd sections of the

dam are shown on Plate Yo. ;3. The top of the dum is at elevation 861 .
The minimum height of the dawm, 56 fect, occurs for & short section across
the river bed, which is approximstely at elevation 208. The typical max-
imun scetion and the one used for stability computation generally are lo-
cated on the flot flocd plain at elevation 20, giving « height of dam of
i feect, Various designs and sections wefe studicd. The scction as
finally adopted consists of a selccted impervious core =with a ly foot
thick blanket extending from thc core to the upstrea. toe. The impervious

core is 10 feet wide on top with /i ar 1 side slopes from slevation %6l to



the base of the foundotions This is flanked on both sides by a random or
transition section with 1 on 1-1/2 slopes. The classification of .random
£ill on the upstremn side will approuch the impervious and on the down-
stream side it will espproach the pervious type of fill. Pervious outer
shells armored with a 3-foot luyer of riprap and including a rockfill at
the toes will be constructed to complete the full embankment section.

The top width of the emix:nlment will be 25 fcet, the outer slopes will

be 1 on 2-1/2 from top of dam to spillway clevation 852 and 1 on 3 for
the reminder on the upstream side and 1 on 2- 1/2 from top of dem to the
base on the dovmstrcim sides A blanliet comsisting chiefly of spoil niite-
rial from structure excavation will extend about 200 feet upstrcam
throughout the valley bottom.

As indicated on the profile, a cut=off trench will be excavated
far the entire length of the dam. The trench will be excavated through
the pervious overlay of the foundation in the wvalley floor and both abut-
ments and baclfilled with selected impervious veterials., This construction
will cut off seepage through the pervious overlesy and will provide bond-
ing of the impervious core to the relatively impervious fine sand in the
foundation and the impervious till occurring in the abutments.

The analysis in Section VII bascd on extensive test data indi-
cates the section to be stable,

D. FEEIGHT AND TCF “IDTH OF DaM. - The dam will have a freeboard of

5 feet above the maximum predicted flood levels It is chawn in para-
graphs IV A (3) and VIII B that the maxinum predicted wave height is

%242 feet and that the run-up of waves on the 1 on 2-1/2 slope may reach



1,7 feet additional or a total of L,9 feet. The riprap protected slope
aﬁd the top width of 25 feet, of which the center 16 feet is paved vith
gravel and bituminous macadam for a roadvay and the remaining 9 feet
built as an extension of the riprap from the slopes, will effectively
protect against any possible damage from spray or wave actioun.

E. STABILITY OF SLQPES. - Stability of slopes of impervious and

pervious sections of the dam has been demonstrated in Sedtion VII, para-
graph A,

F« SATURATION LIWE. - The cestimated line of saturation is showmn on

Plate No. 32 (BHM=Eld) for the extrere condition of maximum water surface
at elevation 86C, cight fect above snillwa: crest. Extension of the
pervious section bencath the downstrezin rondom scction acts as a hori-
zontal drain, drawing the line of saturation rapidly dowm and keeping it
well within the random section,

Following is the proccdure used in obtaining the location of
the line of szturation:

(1) Conservative assumption was made that coefficient of
permeability in a horizontal direction equals four times thet in a verti-
oal direetion. A transformed section was then drawn for this condition
with horizmtal dimensions reduced by a trensTormation factor of 1/2.,

(2) As a most extreme condition it was next assumed that
impervious and randon sections were of equal vermeability. For this case
of a homogeneous section discharging into e horizontal drain & theoreti-
cal solution is available wherein the line of saturation is a parabola,

generally called the Kozemy or basic paraboli. Location of this parabola
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was accomplished by simple gravhical construction.

(3) 4s a condition ot the opposite extreme, it was next
assumed that the random section wus infinitely pervious. For this con-
dition the exit point for the line of saturstion in the core was deter-
mined by graphical solution of the L. Casagrande equation for line of
saturation - see A. Casagrande, "Secpage Through Dams", Journal of New
England Waterworks Association, June 1937,

(L) With extreme 1limits located by the two preceding steps
the position of the line of saturstion was then located to allow for
actual difference in permeability between core &nd rendom sections. The
final position was adjusted to equalize epproximately the quantity of
flow passing through the two secctions.

(5) The position of the line of saturation as located in
the transformed section wes then transferrcd beck to the truc scale
section, Plate No. 32.

Location of linc of satwation is so far vwithin the dowmstrean
face of the da+ that the possibility of sceevage erosion on downstream
face is absolutely eliminated.

G. STABILITY OF FOUNDATICH. - The scction showing generalized

foundation conditions on valley floor is presented in Plate No, 32. The
principal foundation deposit is a layer of uniformly groded fine sand,
Class 6, 60 feet maximum thickness at the velley center, lensing out and
di sappearing at both valley walls ds shown on Plate Nos. 5 and 6. The
thickness of this sand layer has been explored by numerous 2-1/2 inch
borings, and in two &" holes (BH-804 and Bi-014) attempts were mede to

secure undisturbed ssmples to determine natural density of the layer.
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Two types of sampling equipment were employved:

a split spoon egquipped

with spring core catcher 1lilke that used in the Denison District for

sampling cohesionless soils and « spoon develoned bv Dr. Pigpgot Tor

explosion~type surpling. The Pigpot spoon wms

not by explosion. ihile the Pigrot spoon muve
B4 s

O

advanced by driving and

the better results,

in

neither cese ig it certain that the samples recovered arc reasonably un-

disturbede Additional cquipiment and improved metlods of sample recovery

are being planned to investigate tiis sand leover further.

Foundation conditions in both abutinents are excellent, a compact

glacial till, Classes 9 and 7, overlying rocli.

compact, natural void retvios ransiigg rro 0.93

to an average dry weizht of 131 lbs, per cubic

are very impervious, the coefficicit of pormeatility being

k = 0,1 to 2 x 10~k cm./sec.

No settlement is amticin. ted on the abuimenats due

nature of the foundation. On the wl) e floor

This material is very

to 0,%5 which is ecquivelent

foot,

an

Also the abutments

in the renge

to the compact

ultimete settlement of

9 inches has becn ectimated from consolidaticn tests on the fine Closs 6

sand. This sand layer is sufficientls vervious sc that this settlement

will occur during construction at practicallv the same rate as load is

added by cmbanlment construction.

Tests have been performed using tvicxis]

J.

to determine the critical density of the fine

7
sSS O

ccapression apparatus

sauind in the founda-

tion. These tests are being continucd. .5 discussed above investigations

are still underway to determine the nctural void ratio of this moterial.

\,
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X. STRUCTULAL DESIGN



X+ STRUCTURAL DESIGN

A, SPECIFICATIONS FOR STRUCTURAL DESIGN

1. General. - Structural design has been carried out in ac-

cordance with standard practice. The specifications contained in the
following paragraphs govern the design of concrete, reinforced concrcte,
and structural steel.

Design has been carried out with attention!to both stability
and durability, with low concretc stresses maintained throughout and re-
inforecing steel provided as requirea for stresses due to loading and to
temperature changes. Expansion joints are provided in concrete well and
spillway sections at intervals not exceeding L0 fect.

Structures investigated and designeod include the gate structure,
outlet channel  retaining walls, spillway weir, and access road bridge.
Design compuiations will be found in aApvendix i

2e Loadss - a. Dead loads. = The following unit weights for

materials have been used:;

Item Unit weight
1bse pcr cue. fte

Concrete 150

Brick 170

Water 62.5

Dry eartn 100

Saturated earth 125

Uplift assumptions are discussed in the introduction to the

Appendix.
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be Live loads. - E-15 loading wes used for the decsign of

the accesz road bridge.

The live loading on the operating floor of the gaote structure
was that which would result from the he:viest item of equipment resting
on the floor, and amounted to 250 pounds per square foot., Floor beams
were designed for a loading of 200 pounds per scuare foot. The gate pull
was 7,000 pounds.

Wind loading on exposed vertical faces of the operating house
was assumed at 30 pounds per square foot, Snow load on the roof of the
sperating housc was asswied at O pounds per square foot.,

c. Rarth oressures. - Horizontal ecarth pressures were

computed by the use of Runkinet's formuls, resulting in an equivalent
lateral loeding of 35 pounds per scuare foot for dry earth and 80 pounds
per square foot for saturated earth,

5« Structural steel. - The design o steel structures s been

governed by the "Stendard Specifications for Steel Construction" of the
Arerican Institute of Steel Construction. sllowable stress in tension
or co-pression is 18,000 pounds per scu:re inch, and in shear is 13,500
pounds per square inch, For wind loading allowable stresses are increased

35-1/3 percent,

L. Concrete and reinforced concrote. - In general . the design

of reinforced concrete was governed by the recommendations of the Joint
Committee and the imerican Concrete Institute.

8. Modulus of elasticity. - The wodulus of elasticity of

concrete with a required 28-day strength of 3400 pounds or square inch

was talken as 1/12th that of steel.

[ . | - AT Semd e Lo ] rd WwArvYman
FR N Thea K RSN -~aser Than Thwwr ~



be. Coefficient of erpansion. ~ The coefficient of expan-

sion of steel and concrete is assumed at 0,00006 parts per degree
Fahrenheit.

c. Allowable working stresses. -

— P

Lbs per sq. in.
(1) Flexure. - Extreme fiber 1000

stress in compression
(2) Shear. - Beams vith no web

reinforcement and without specicl anchoraze of

longitudinal steel 50

Beams with no web reinforcement but with spccial

anchorage of longitudinal steel 75

Beams with properly designed web rcinferearcnt but

without special anchorage of longitudinal stecl 150

Beams irith properly designed web reinforccrent and

vith specicl znchorage of longitudinal stcel 225
(3) Bond. - In beams and slabs

(Deformed bars used throughout) {(ihere speciel anchor-

age is provided double these values in bond =ay be uscd) 125
(L) Bearing. - therc a concrete member

has an area at least twice the areca in bearing 625

(5) Axial campression. = In columns

with lateral ties 563

(6) Alloweble unit stresses in

reinforcement
Ordinsry Structures much
Structures exposed to wter
Tension 18, C00 16,000
Web reinforcement 16,000 16,000




de Design for surcharge head. - In investigating the gate

structure for loading with hydrostatic head to surcharge elevation in
the reservoir, allowable unit stresses were increased 33—1/3 percent due
to the infrequency and to the short duration of such a condition.

€+ Protective concrete covering, ~

Type of member Minimun cover
in inches

Roof slabs 1
Floor slabs o
Beams 2

Heavy members exposed tc irater
and weather L
Heavy members exposed to wbre-
sive action of flowins woter 6

Members, adjacent to rock sur-
face b

Be DESCRIPTION OF STRUCTURES

1. Outlet Works. - a. General description. = The outlot -7orlss

will consist of a channel cut into rock at the right end of the dam with
reservoir discharges either uncontrolled when functioning automatica 11y
as a retarding basin or at flood times, controlled by four 6 by 12 feet
truck gates. The gates will be housed in a reinforced concrete gate
structure, providing vertical gate wells from the intake passages to the
operating floor. The operating house superstructure will consist of

a structural steel framework with brick walls end glass brick windows.

Gravity section retaining wells will extend from the gate structure along
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the channel to retain and protect the earthuork of the dam. The channel
will be lincd with concrete for a short distincce up and downstreem fram
the gate structure,

b, Gate structures. - (1) Description. - The gate tower

will be located across the outlet channel st +the center line of dam,
having rock side walls to approximately Elevation 852,0, There will be
four gate passeges, each 6 by 12 feet, with floor at Elevation 815, 0.
Piers will be four feet thick, except for gate recesses, and curtain
walls for the gate shafts will be 1 foot & inches and 2 feet thick. The
operating floor will be at Elevation 86L.5 with access by a road over
the dam. There will be & small besement =t Elevetion 353.0, reached by
a ladder from the operating floor.

(2) Stability. - The gate structure is designed for
stability under conditions resulting frowm rescrvoir level at surcharge
elevation, which is the maximum condition for overturning. No allowance
is made for restraint due to frictional resistance of the rock side walls.
Maximum bearing on the rock foundation is L, 000 pounds per square foot,
The resultant of forces is maintained within the middle third. Principal

members are thickened to provide an additional factor of safety.,

(3) Intale passages. - There will be four intake pas-

sages, with floor at Elevation 815,0, The floor is designed for bearing
loads due to weight of structure and to effect of hydrostatic head against
the gate structure. The piers are designed for differential in hydro-
static head existing with flow in same passages with adjacent passages
closeds Side walls are designed for 50 percent effective hydrostatic

pressure through the rock against the concrete lining., A steel lining

is provided dovmstream from the gates.,
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(L) Gate wells. - The side walls are designed for 50

percent effective hydrostatic head through the rock. Piers and curtain
walls are designed against hydrostatic loading. rcsulting from water in
the reservoir teo spillway elevatim. Menmbers arc also investigated for
loads with water to surchorge elevation, using 33-1/3 percent incrcese in

allowable unit stressese.

(5) Operating flcor. - The floor is designed for

heaviest concentration of live load resvlting from placing any niece
of equipment on ite Tep steel is lowercd to allaw room for electrical
conduits above the steel,

(6) Operating housc. - The operating house will ke =

brick superstructure, 22 feet li inches Ly L& feet l} inches inside, with
17=inch thicl wells, The roof vAill consist of a H-inc reinforced con-
crcte slab, supported y stecl bewmms, with o cinder concrete fill, sloped
to drain. Crone girders were designed te carry loadings resulting from
opcration of the cmergency gnte, which is the maxinum loading condition.
The roof locds, crane loads, and wind loads will be carried by o structu-
ral steel fromework of becms and columns. Roof locding econsists of a LO-
pound per squore foot snow load.e Wind 1l:2ding is 30 pounds per square
foot of vertical projection of exposed faces.

c. Retaining walls. - Retuining walls of gravity section

will extend upstrew: wnd dovmstream from the gote structure, maintaining
earth fill adjacent to the chamel. They cre founded on roclz, An 18-
inch reinforced concrete lining will be used tc protect the channel sicde

walls and flocr adjicent to the walls, The retaining walls are designed

for stability agninst earth pressures with eorth saturated to the elevation



of meximum seepage line through the embankment. Uplift is assumed as
50 percent of effective hydrostatic head. The lining will be anchored
to the rock by dowels spaced acproximatzly 8 feet on centers.

2+ Spillway. - Two spillway weirs consisting of gravity over-
flow sections are located in saddles on the right side of the valley.
The finished form, dimensions, elevation and gradient of the two spill-
ways are based upen hydraulic considerations. Both spillweys have been
analyzad for stability. With water to surchargs eleovation the resultant
fnlls within the middle third. The maximum bearing pressure is 2700
pounds per squere foot.

3+ Access road bridge. - The anccess rosd bridzge consists of a

eL-foot span reinforced concrute girder bridgs with 16-foot rosdway. The

footings, abutments, and wingwalls arce of resinforced concrete. The bridge
span is designed for H-15 londing as the romd is & sacondary routs, serve

ing the dam alone.

L. Equipment. - a. Gates and hoists. - The flow through ths

conduits will be controlled during flood operation periocds by four truck-
type, service gates 6 feet wide by 12 feet high in the clear. The gates
will operate in vertical slots and be controlled from the operating house
located on top of the intake tower. Emergency gate slots will be pro-
vided directly upstream from the service gates. One emergency gate of

the same type ss the service gates will be employed during such periods
vhen any scrvice gate is inoperative. The gates will open and closc under
all heeds up to and including iy feet, the maximum hydrostatic head on the

gate sill. Individual slectric-powered stetionnry screw hoists of 30,000

- 6l -
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pound cepacity will be vrovided to raise and close each service gate at
a speed of approximetely one foot per minute. The hoists will have push~
button control anc be equiiped with mechanical wnd electrical safety
devicess An overhcad crane will be provided to raise the emergency gate
at a speed of approximatcly one foot per minute., The bridge and trolley
travel is hand operated and so arrenged that the trolley con be moved
over amny gatc slots The hoist is elcctric motor poworcd.

The body of the enmergency and service gates will be constructed
of structural steel with no member less than one~half inch in thickness
or stressed greater than 10,000 pounds per square inch in tensicn under
the meximwn hydrostatic head of Ll feet at surcharge elevation. Seals
will be bronze and all moving parts of hardened steel. Unit stresses
used in the design of stecl castings will not exceed one=-sixth of the
ultimate strength of the steel used., A factor of sefety of 15 will be
used for castings, subject to severe shock or vibraticn. Semi-steel
conduit linings will be embedded in concrete iumcdiately downstreszm from
the gate frames., The linings will extend to & point Ly feet damstream
from the face of the service gate frame and will protect the concretc
from cavitation and erosion,

b. Stendby unit. - 4 gasoline onginc-driven generator will
be provided for emergency operation of the ;eate hoists and 1izhting sys-
tem in the event of failure of camercial powere The unit will cmsist
of a 50 horsepower six-cylinder gasoline enginc direct commected to a
220-volt, 3-phase, 25 K.W. generator mounted on a cormon base. The stand-
by unit will be of ample capacity to start and operate either the crane or

one gate hoiste

- 6r/, -
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ce Switchboord. - A free-stending, steel-enclosced, low-

— e

voltage decd-front type switchboord will distribute porer to the gate
hoists, crene, and the lighting penelbourd.

All circuit breckers will be the nir-breck type, nonuclly
operateds The genermtor feeder and the incoming line feeder will be

Ce.

~

3
g

controlled by circuit breakers, roted ot 600 volts, 60 cycles,
with an interrupting capacity of 10,000 caaperes. Ecch will be provided
with three instomtancous and time-delay rmagnotic cvercurrent trips, and
magnetic lockout attachments so that one circuit brecker ney not be en-
gaged vhile the cther is ceross the linc.

Each power circuit +will be controlled by ~n individucl cir cir-
cuit breuker on the switchboord, hoving twe thormal and instentaneosus
magnetic trips per circuit. The motors on the gato hoists and crone
will be controllcd locally by mcons of mopgnctic across—-the-line starters,
providing running overload nrotection thrcugh overload coils. Under-
voltage protecticn is provided by mecns of the mougnetic holding coils of
the starters,

A battery cinrger locoted on the switchbonrd will supply direct-
current ot 12 volts te the starting buttery of the gosoline-electric
genercting set,

d. Lighting. - Five 220-volt flooad lights, located on the
parapet and controlled by circuit breckers on the switchboord, will pro-
vide adequate lighting for the intake und cutlet works ¢nd the access road

~ tronsforner on the switchboard

W

across the top of the dm. A5 Kva lightin
will supply 115 wvolts to ¢ centr:l lighting ponelboard mounted on the vwicll
beside the front door., This prnelbenrd will control «ll opercting house

lights, basement lights, =nd front entrunce lights.
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LI, CONSTRUCTION PROCZDURE

A. SEQUENCE CF OPERATIOHWS. = It is estimated that the construc-

tion period will extend over two worliing seasons, assuming the contract
will be let in the early spring of 1940, which will call for completion
on or about Hovember 1, 1941, in time for possible fall floods. The
problems of river diversion and railroad relocation are such that a
twa-season construction period will be required. The following schedule
shows the major items of worl involved, the apvroximate guantities and

planned construction period of each:

(Table on following page)
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MY 1, 1940 - WOVERBYR 15, 1940

FIRST SEASON
‘o, of ¢ fAver.
IT@! FROM TO :;ggﬁ_'fQUANTITY ‘Daily | REMARKS
: : :Da&s : Rate.
Preparation of site : 5/1/10:11/15/L0: 130 -— : == : 75 of total
Stripping 5/1/%0; 6/1/L0 20 17,000 : 850 : 50 of total
Common Excavation 1/ho;11/15/h0: 130 100,000 : 770 : 704 of total
Borrow Excavation, "&* 5/&0:11/15/&0: 120 40,000 : 330 : 35/ of total
Exbankment /15/%0:11/1f/u0: 120 103,000 : 900 : L5 of total
Dumped rock fill : 6/1/1,0:11/15/1,0: 110 16,000 : 145 : L1 of total
Rock Excavation : 0/1/ho: 9/1/L0 ;60 52,000 : 870 100,
Spillway weir, concrete: 1/%0:11/15/10: 90 5,000 : 55 : 50 of total
Outlet works, concrete :8/1 5/Lo:11/&5/ho; 40 2,300 : 4O ;100%
Access Bridge : - lb/;O; - ~~ : == 1007
1hY 1, 1941 - VOVITBER 1, 1941
TCOMD S iSO
‘HNoeof ! ‘Aver.
ITES FROI T0 ;gggkn ULNTITY paily | RIARES
: :haye rihate.
Preparation of site ' §5/1/1° 6Vﬁ441 fo2o -- 7 = 725, of total
Stripping . 5/ 6/1/1n .20 16,000 ; 850 | 50 of total
Corron Fxcavation YA/ 7/1/ . Lo 35,000 | 880 | 305 of total
Borrow Excavation, "A" | 6/1/&1:10/1/L1 . 8o 100,000 1250 | 65% of total
Bubankment : 1/L1:10/1/Ll . 80 142,000 ,1300 , 55% of total
Dumped rocl fill 15/L1.10/1/L1 | 70 23,000 . 320 , 59% of total
Spillway weir, concrete 6/1 5/L1.9/15/111 . 60 5,000 | 83 . 500 of total

Diversion of river and |

temp. cofferdams

Operating house, supcr-.

structure
Installation of gates
and equipnent
Access road
Job conpleted

YA/
110/

.10/15/11;
210/1/1n
;IL/LAL.:
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lst Season. - Clcaring of the dan site and vrork area rill be
performed by the Govermment prior to commencement of the contract work.
The contract worl: during the first construction ssason will involve
stripping and grubbing of the dam site and borrow arcas, completion
of the outlet chamnel, including the guote structure, training walls,
opening of borrow pits, counstruction of a portion of the spillway weirs
and the access road bridge. Suitoble structure excavation will be used
as fill for the anbanlcacnt construction to the limits indicated in the
area between the river and the railroad linc.

2d Scason. = Operations in the sccond construction scason
will comnence with diversion of the 1fillcers River through the outlot
chenncls It is oxpected that the relocated railroad will be in opera-
tion by the spring of 19L1. The upstream and downstresy cofferdams will
be completed end the dam constructed to final gradc. Other work such
as construction of thc operating house, installation of gates and
accessories, construction of the acccess road and spillvmy weirs will be
completoed during this scoson. During this period thoe operator!s quartcrs
will be constructed and cloaring of the rescrvoir, including the approach
channel of tho spilluey vAll be performed under scperatc contractse
Cloaning-up opcrations will bz concluded,

The various operations to be performed arc groupcd as follows:

l. Clearing.
2a Eiver divorsion.

Se Babanlonent construction
e Outlet works, structurcs, gates, otce

5e Misccellancous operations.



1. Clearinze = Clearing operations are divided into clear-
ing and removal of structures within the reservoir area and clearing
of the dam site incidental to construction. Clearing of the dam site
will be performed by the Govermment, but rcemoval of structures, fences,
ctcewill be included under the contracte Clearing of the rsservoir
area is especially suited for relief labor work or for sgparate con-
tract, is not urgent in connection with the construction of the dam and
involves settlement of questions pertaining to rights-of-way and other
negotiations with locul authoritiese. Clezring of the dam site involves
removal of wood end brush within the foundation area of the dam, outlet
and spillvay. The borrow arcas on the richt bank of the river will
also be subject to clearing, and this worlk will be done under the gen-

n

cral contracts There are sevoral Srame bulldings, stone fences and

B!

barbed wire fences within the dam sitc to he romoveds

23

Coe River divoersione - 1+ study of tho hydrographs shows

that of the summer floods, between Yay 1 and November 1, the highest
flood on rocord on the Millers River roached 16,000 c.fese on Scptember

2%, 1938. The noxt highost summer flood during twenty-four years of

continucus records cccurrcd on Junc 25, 1922 with a peak discharge of

3500 c.fesy A poak discharge of 5,500 cefese is cquivalent to a 20-ycar

e

L

cstimated seasonal frequency. The outlet, with all gutes open, will
discharge 3,500 cefese at a pool clevation of 830.0 mesel., and clova-
tion 832.0 was scluected as the top of & coffcordam protocting the work
arca against a flood of a 20-ycar froguoncy.

The tailwator rating curve shows a watcer clevation of 820,8

mesels for a 3,500 c,fes. outlet dischargc. o downstrcoam cofferdam will



therefore be constructed to elevation 82%.0 mes.l. During the construc-
tion of the outlet structure, suituble evcavation will be placed in dss-
ignated areas of the embanlkment. To prevent undue damage in the work
area, care must be talzen not to constrict the vallev from free flow of
possible fall or spring floods. The first operation, after the river
has been diverted through the outlet, will be to complete the coffer-

5

damse The upstream cofferdam will be constructed as a part of the

jas)

permanent structure. It will concist of random matorial, will be 10
feet wide on top and have 1 on 1-1/2 side slopecs The pervious scction
of the upstream shoulder, the roct too and riprap will be constructed
simultansously with the semi-impervious scction. Tails construction,

as a wnit, will serve as o cofferdam and togobher with the dovnstream
cofferdam will protect the roumaianing oporations, such us stripping,
excovation and backfill of the cut=-off {rench and cmbanimeont construc-
tion, against a flood of 7,500 c.f.s. of 20=-ycar freguencye

4

e mbankmoent constructions ~ Tuc to the prousencs of the

river und the railroad line in ths river vallor during the first con-
struction season, ounly limited work can be werformaed on the cnbanlmont
during this pcriods £11 clearing, some stripping will be done and
suitible excavated matorial from the outlet vorks will be placed and
rolled in designated arcuse It is cxpectod thot a large number of
boulders will be found in the requirsd excavation and it nay be neces-
sary to unploy o grizzly to obtain suitable material for the cmbanlment.
Some stockpiling may Lo noccessary. ioclk for rocic tous and riprap will

be obtained from the required cxe wutbions; some of the rock will bo

stockpiled. Continucd construction of the erbankment will begin the

,,,,, R el e ekl )



scecond season as soon as the river has beon divorted through thoe outlot,
and the railroad line has beooen abrndoneds The cofferdams will be con-
structed as described under “River diversion’s Usc of modern construc-
tion equipment and standard mcthods of construction .re contecmplated
throughout. The rolled fill will be placed by truclks or crawler wagons
and rolled by sheops-foot rollers, generally. Sottlement gages will

bu used to detenaine the settlement of the foundation. For cross-
scetion of the cmbankment scc Plate Noe 3.

Lie Outlot works, structures, gates, cete. = The outlet work

must be completed by the end ol the first construction scason in order
to allow for river diversion at the buginuing of the scconds Upon com-
pletion of the cxcavation, tho conorocte gate structurs followed by the
retaining vmlls will be comstructed. The semi-steel gote linings in
the transition scction and the gute guides and the guerd angles will be
placed simultancously with the concrctes The gates wdill be placed in
closed position to insurc o corruvet fit and left in this position while
the conercte is being pourcd around tho lining. It is not considcrod

to nermit thoe operation in the dry;

necessary to construct cofferdons
it will beo sufficient to leave wexcavated barriors ot sach end of the
outlet channel,

~

5e Misccllancous opurations. - Structurcs, such os the

access road and bridge, spillvry weir, operating house and guard func-
ing, nced not be constructed . ut any definitely dotermined times The

access road cannot bu constructed wntil the railroad line has been ro-
located; it is reyuir.d thet this vill bu donc bofore ths beginning of

the sccond construction season. The oporoting house will be constructed
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of briclk. The spillway weir moy be coastructed ot the contractorts
option, presumably during the first construction scasone. Placing of
guard fences, landscaping ond gencral clean-up will be finished before
November 1, 1942,

Be  LABORATORY AND FIELD TESTS DURING CONSTRUCTIONe - Many tcsts

have been performed on materials extracted from the foundation and
prospective borrow pits both in disturbod and undisturbed form in the
Ue S+ Bagineer Soils Laboratory in Providence, khode Island. Although
& comprchonsive picturc of conditions in th. field has beon covelopad
from the rosults of these tests, it is contemploted thet a ficld
laboratory will be established at tho site and that tests will be per-
Pformed during construction to «id in clussification of material ex-
tracted from borrow pits cnd structure excavation. The tests will be
done to aid in direccting ond supervising the relative plecement of the
various typcs of mrterinls of which the emboniznent will consist; also
for determination of the depth of the cut-off trenche The laboratory,
as contomplated, will be supplicd with cquipment ncecssary for the
following tests: (1) clessification of materials; (2) grain size
analysis; (3) water content determination of muterials in borrow arcis
and emban!ment; (L) determination of compsctud woight of cnbanlanont
material in place; and (5) laboratory determination of compaction
characteristics of borrow matecriclss The clossification of materials
as adopted by the Providence District during preliminary investigations
and detailed design of the dam will govern. The combankmoent will con-
sist of four distinct differcnt typos of f£ill:

l. Porvious fill.
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2. Imporvious and random fill.
%e Rock tocs and dumpod riprape.
lie Gravel filters and beddinge

1. Porvious fille = For location in the ambankmont sce Plate Mo

L2. 1tost of this material will be obtained from borrow pit "~'. Struc-
ture excavations, if found suituble by required tests, ney be used in
the embanlment. It will consist of classes 2, 3, L and 5, and shall be
placed in such a manner that the finer materials will be ncarcr the ran-
dom scections, and the coirser nearcr the riprap or outer fuces of thce
embankmente

2 Impervious end randon fille = For location in the cmbankment

secc Platc Noe hﬁ. Most of this matorial will be obtainced from struc-
ture excavation. The impervious wmaterial will consist of cluassos 7 and
9, and the random of classes 2, 1, 6, 7, and 9. The two types of fill
will be obtainced from structure cxcovations, supplemcnted by borrow
excavatiors if necoussary, and the material will be placed in the orbank-
ment under the dircction of Government inspectorse In gencral, visuel
inspection of this matecrial will be sufficient, but tests will be por-
formed ot frequent intervals to aicd in judgment of classification in
order to sccurc the maximunm density of the materials in the cmbanlanonte
Corrections, adjustment and modification of methods may be made from
tine to time on the basis of thosc tosts,

5 Rock tocs and dumped riprape. - For location in the cmbankment

sce Plate Noe L3. 1In goneral, no laboratory tosts will be required for
the rock uscd in rocl: tocs and dumped riprepe. Although it will bo per-

mitted to use boulders and large cobbles from the borrow pits as rock
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fill, thes major part will b
the present knowlzdge of th
sufficicnt quantitics availo
The rock vill be dunped in
and

and thc smalloer rocks

L.

Grovel filters an

¢ obtainad from structurc cxcavations. “ith

uality of rock at the site there vill be

<

‘ble, although somc scloction may be nccussarye

placc vith the lirger rocks at the outer facos

spalls adjacent to the cmbanlmente
S J

d buddinge = For location in the ambanleicnt

Z

scu Plate Noe L2

obtaincd from berrow pit 7.

rigid laborntory tosts will
in goneral, visual inspocti

Coe

The gravel bedding

for riprap and rock toos will be

' and will not be subject to screoning.  mo

bo required for this class of material and,

oa vill bo sufficicnt,.

PLACEMENT OF ¥¥PHS QF MAPIHIALS.,

ciag 2and rollince = ifter stripnping has boeon

l. Icthod o7 pla
conplcted the foundation wi
and will be ready for appli

will be filled with imporvi

the cut-off troach hos beon

of th: umboniment will be b
center line of the dam and

grade towxird the cdges of t

will be brought up with the

dor scection

Eo Vietti NE e = Th
tablecs If the vmtor table
before cxeavation mey ta

eding layer will, in

casce

[ s .3 r. % X S iF A K3 X 31 MR Y B 1 3 BD = 1

tovw.rd the ripra

11 b. preparcd by plowing followed by rollin

catisn of the rolloed £il1le The cut-off tromch

ous wturial placed in the dry. As soon os

filled, the imporvious and randon scetions

rougiht up to o crown running parallel with the

with the slopes woproximetoly on o 2 pereent

he porvious suctions This slope will bo main-
of the embanizizate. The voervious shoulder
cenvrxl core rnd a slight slope from the ran-

D will be muintained until complctions

s omatorial will be oo.cuvatad above the wotor
is high it 331l be rugquired to be lowerad

Before spreading and rolling, tho pro-

dricd out to causc cracks in the surface,
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bo dampenud to insure cdequate bonde Should the material be too high

Y

in wator content when dumped, it will be bulldozed or otherwise sproad
in layers of &-inch thiclmcess and loft for o sufficicnt time to allow
the surplus vmter to dry before rolling.

be Spreiding. - when two or more different materials arc
being transported in the wabanleient they will be placed systematically
so that in any arc. of the scction thers will be tho required propor-
tions of the anterialse fter dwmping, +the matericls will be bulldozed
or otherwisc sproid in layvers of the rcquired thicknoss, and if the
water content is cousidered correct, it will boe rolled imaedictely. If
the preceding layor of matericls is too sinoth to insure proper bond,
it vill be roughenced or looscned by harrowing.

Ce Rollings. = then the moisturce content and condition of the

[

spread liyer are satisfactory, the rolling will talze placce. It is ro-
quired that modern equipnent will be used for rolling, such as sheops=
foot tuomper type, twin rellers pulled by a crowiler type tractor for the
lmpervicus and randon scetions wnd a plain eylindrical roller for the

pervious soction.

D.  FIELD CONTROL DURING COSTRICTION «

le ¥iold control roquircds - In ordor to be assurcd of a

satisfactory result from ficld operations it is nccessary to wiintain a
complcte control ot 2ll tires. The cquiprent uscd must be in good opera=-
ting condition und nc old or inofficient cquipnent will be allowede The
nateritls used will be inspectod froguently, tested :nd approved bufore

they ore 2llowed to be pliced in the ambanlzient.

2« Compuctl On. = Rolling of tho impoervious and randon
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scetions vill be done by rollers of the shecps=foot or other sutis-
foctory tamper type roller of sufficiont weights Rolling of the pervious
scetion may be done with o plain cylindrical roller of sufficient weight,
o stocl disc roller or with tho sminc type of roller as used for inpervious
£ill, depwnding on conditionse

be Dugroc of compactione = Tonch squarce foot of laycr of

the impervious and random soctions will be compacted by not less than

six passecs of the rollers and ordinarily not more than ninc passes, in
such a manncr thot cach pass shwll adjoin the proceding and adjacont passe
The poervious scction will be compacted by six passss of the roller in

the same manner as described for impervious fille

ce 1othod of testinge = Sainles of 21l wmbankment moate-

rials for testing will be taken both bofors and aftor placing and con-
paction at frequent intervals and tests will Lo modo for classification
of materials, grain size analysis, wotoer cortents, conpactod weights
and compzction characteristicse Thesc tests will be made in the ficld
laboratory.

de Amount of foundotion scttloment, nicthod of determina-

tion, gages, ctecs. - It is anticipated thot sone sottlowent or shrinluge

of the foundation vill tele place as thoe construction progrosscs. The
anount of scttloment is indotoeminate beforchind tnd will be deterained
by the roading of scttloment gogese ) totel of nine settlaient gages
will be placed in 5-foot scctions. It is boelieved that the foundation
scttloment will occur during the construction at the sanme rate as the

load is added by ombunkuent construction, ond no scttlemont is antici-

pated after complotion.



e CONCRETE CONSTRIDTTON, ~ The concrcte idll be conmposca of

cancnt, finc aggrogate, coarsc aggrogate ond wtor so proportioned and
nixed us to produce a plastic, workabl. nixturce Tuwo diffcront mixos

of concrete will be uscd throughout, oxcept undor special conditionse

the drowings and in the spocifications, thusc typus arc designatoed

as Class "A" and Clags "B, The average comprossive strongth for Class
"4" concrcte shall be 3,L,00 pounds per squnrc inch, and for Class 3"
concrcte, %,000 pounds per square inch, in cccordance vrith a standord
28~day tuoste Concroboe aggregates, owvmilablo ot comacreial pits witidn
a 15-milc linmit, have been tested by the Cuntral Concrete Testing
Laboratory at Woest Point, and found to be of suiteble gquolity. rggro-

1

undoer investigotione sSuitable

(@)

gotes from other mearby sourccs
conervte cggrogates ore awveilable in Sorrow ron YAT and may be usced

=t Tho contractort's optione

1. Laboratory centrol - o s50all concretoe Uosting laberatery
v

will be set up ot the sitee The tusts porfornsd hicre will supploient
those made at thoe Central Ieborutorye Tho loborotoary will be used prin-
cipally to control the quality of conercts during co:structions Facili-

il

tics will be aveilable for testing the grading of aggrogates, designing
concrete wixtures, wmixing of trinl concrote batches for the purposc of
develeping cetud relations bobwoon curvrussive strongth and weter
connt rotio, controlling sroriability of concrube by slup tosts, nd

casting of concretu cylinders for comprossive streongth tostse

Se  Joncnte - Coneont will be tested by o rocegnized tost-

ing laboratory and results of thusc tests shall be mown bofore the

cenient is uscde Truc

cument of o wellelmovm na occceptable
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brand will be uscd throughouts

atural sand will be used as fince
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curcful, thorough analysis, and

tests made on morbar specimens for conpressive strongthe

- e e
Ce COnYsS Qg

regetes - ashed gravel or crushoed stone

of requircd sizes vill bo used os conrse agprogate. It nust consist of
hard, toush and durxble particles froo {rom adherent coating and nust
be fres from vegetable mattore Only o snall amount of sofft, friable,
thin or clongoted particles vill be alloweds The aggregate will be
subjcet to froczing ond thawing tosts and to carcful, thorough analysis,
including nagnesiwi sulphate tost for soundnusse
de iintore - The 2nount of vmtoer usud pur bag of coment

for cach botel of conerchte will bo predeternined; in goneral, it will be
tho mininun amowt necessary to producc a plastic mixture of the strength
specificds  Sluap tests will bu ruguirod in accordance with spocifieca-
tionse

Ze Ficld controle - a.

Storog - Tho concrcte comnonoents

will be stered scparately before nizing. The ceacnt will be stored in
2 thorougnly dry, woather-tight wid proporly ventiloted buildinge Tho
finoc and coorso ag;regetes will bo stored in such a manser that inclu-
sion ol forcipm nnterinl vill be aveided.

b. Mixiny

e = Thy oxact proportion of 31l matoricls in

the conerote 11l be predetor:ined.,  The rmixing will be done in approved
Py 2 e

ricchaninel miyers of a rotating drum type, and there must bo adequate

foeilitics for acscurate neasurcnent and control of cach of the natorials

uscd in the consrote.s Fixing will be donc in botches of sizes as

<



dirceted and samples will bo taien £or slunp tests and compressive
strongth tosts. Inspectors will at all ti.os supervise and inspcct the
nixing procedurces

Ce El;cing. - Cencrote will be ploced before initial sot
has occurrcde All concrcte will be placed upon clean, damp surfacose
Recl surfacos vill be frec from locse material cor other matter inter=-
fering vith = satisfactory bond. MMass concrcte will be placced mono-
lithice DMecchenical vibration will be applicd, and forking or hand-
spading will be applied adjacent to forms on exposcd surfuces in order
to insurc smooth, cven surfucess Locations of vortical and horizontal
construction joints, as well as contraction and expansion joints, arc
indicated on the drawings. The locations of construction joints arc
tentative only and may be chonged to suit conditions in the ficlde
Before placing the comercte, 2ll reinfercing stecl will be inspecected
snd pouring of the concrete vill be supervised and dirccted by Govern-
nent inspectors.  Adcquate procoutions will bo taken if concrebe is to

be placed in cold or hot weather,

Fe STRUCTYRAL ‘STEEL CONSTRUCPIONe - Structural steel construction,

cthor than reinforcement and anchor bars, concists of (1) ciructural steel
for the operating housc; and(2)misccllancous frames, angles, tees and
flat stecl bars.

l. Structural steel for the operating houscs - The operating

housc concists of o framewsrk of rolled stoel colums and roof girders
and beans with cranc girders carricd on the columnse. All work will be
riveted cxcept basc angles and bars which will be shop weldeds Erec-

tion will be carried out in duc order, following construction of the

- 80 -




gate tower concrete substructurcs Coluwins will be encascd in concreote
to the height of the concrete parapet wall and rosf beams vill be en-
cased in concrete.

2e Misccllancous francs, angles, tees and stecl barse. -

liisccllancous structurﬁl stecl, such ns nietal door framocs, guard anglos,
tees, and flat steel bars aabedded in conerote, gratings and grilles,
ctee, will be crected and pluced as indicated on the drawings and at

such tinec as requircde

G+ MISCELLANFOUS CONSTRUCTION. - The operating housc will be built

of brick viith stoel lintels, glass briel: windows and prcecast artificial
stone door trimn.

Other miscellancous construetion items include the construction
of the access road, riprapping of carth slopes other thon dwapod riprap
in the outlet channcl as indicated on the drawings, erection of guard

fencing, landscaping and cluon-up Job.
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The total construction cost of the Firch Fill Dam, except
clearing of rescrvoi. and dam site and coustruction of the onerator's
quarters, has been estimated to be '867,00C including 10 pvercent for
contingencies and 15 percent for Engincerin; end Overhead. This amount

has been distributed as follows:

(1) FEubankment ;372,000
(2) Concrete features 245,000

i

>s and accessories
nd structural steel 05,000

(i) ~iscellancous 140,000

-

(1) The cabeniaeent included under Tten: {1) consists of all earth

rill for the d cut-off treach, dunnced riaran, gravel bedding, rocl:
toes enc droins, fvevel for roud on top oif the dam, sebtlement gases, and
as much o the structurc cxcavation s is used in the ambankment.

(2) The conercte featurces included consist of gote structure, in-
cluding piers and overating housc floor, veteining walls with cutlet
chennel lining, spillway weirs ¢nd access reocd bridge.

(3) Tre stocl construction included concists of ;etes end machinery,
end miscellencous siructural stecl, cxcopt for stoel furanished with opcrat-
ing housc.

(L4) ‘iiscecllancous items included crc: oncroving house (uxclusive
of the concrete floor), access road, suard rciling and foncing, river
diversion, clearing of borroweareas and ;rubbing of the dam site, iron

and metel iroriz, wipcs and all other items not included under Items (1),

(2)1 end (5)‘
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COMPACTION CHARACTERISTICS
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b. ILive londs. - Wi wn oucad Jor the design
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access rocd bridge.

The opereting floor or the gete structure vas designed for live
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novse was assumed at
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LO vounds ner sgurire Toot.

‘ind loadiny on exposed vertical frces ot the operating house
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foot for sctiurated carth.
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.
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wells.
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betweenr rock and corcrete.

The spilliny is designod for stobility o/ einst hydrostatic
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(1) i
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forcement ond “ithout snecial snchorage of longitudinel
steel 59
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forcerent ol

]
"\
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speciel enchorage ol longitudinel stecl 225
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